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MILITARY SURGKRY 

By COLONEL GEORGE De TARNOWSKY, Med. Res. 

Since the end of World War No. 1 important changes have occurred 
which affect the duties and functions of the military surgeon. Para- 
mount among these changes must be mentioned; 

1. Increasing range of artillery fire. 

2. Increased effectiveness of air forces. 

3. Mechanization of war effectives resulting in a marked increase 
in mobility. 

These changes have resulted in: 

1. Increasing the distance from the firing line of all medical units. 

2. Increased rapidity in the evacuation of all wounded from front to 
rear. 

3. Decrease in the type and amount of surgery permissible in advance 
surgical formations. 

4. Evacuation hospitals will probably never again be allowed to be 
set up and function at or even near a railhead. 

5. With a rapid rolling up of enemy lotces, i.e., rapid and successful 
advance of our own troops, mobile surgical units may still prove invalu- 
able. 

This short review of military surgery cannot include services rendered 
in base hospitals where equipment, surroundings, and absence of danger 
closely simulate conditions found in any modern civilian hospital. In 
the combat zone the medical officer immediately finds himself confronted 
with an environment and a class of traumatic lesions more or less foreign 
to him. He is no longer able to choose his own conditions but has to 
make the best of those in which his lot is cast. He soon learns that, to 
quote a French military surgeon; "One does %vhat one can, where one 
can, when one can, how one can.^’ No longer affoweef to consider the 
case of the individual soldier as paramount, his treatments must invari- 
ably be subservient to the military necessities of the moment. The front 
line medical officer will have to forego the use of most of the drugs, 
instruments and appliances he has been accustomed to using in civil 
practice. Light equipment of all front line formations, lack of time, 
and urgent necessity of rapid evacuation of all transportable wounded 
to evacuation hospitals compel regimental, battalion and division sur- 
geons to give simple but adequate lifesaving treatment to large numbers 
of casualties in the shortest space of time possible w’ithout any attempt 
to complete operative procedures, the latter on!)' being possible tn evac- 
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War Medicine 

uation hospitals or — if the terrain and battle conditions permit in 

mobile surgical units The training received in civil practice would 
naturally prompt any surgeon to give immediate and thorough attention 
to penetrating lesions of the abdomen In the combat zone this uould 
be a grave error unless a mobile surgical unit has been allowed to attach 
Itself to a field hospital Such operations, requiring considerable time, 
equipment and the services of three surgeons, including the anesthetist' 
wou d necessitate neglecting a large number of minor injuries ancl 
result m a failure to promptly return to the firrng line men essential 
to victory Military necessity compels him therefore to srmplj cleanse 
and dress the severelj wounded and evacuate them as rapidly as possible 

ha ,le"ro enough emphasized 

thev iT ™ ""gery must consist in (a) rLdeting 

he gee tes number of fighting men fi, for duty on the 111.^1, ne w.thin 
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fighting units In all probability divisional ’ POtenhal 

wounded will again function 

quate equipmenf (.nc,nd: 7 ,u„?;Jf“/“«?-' ‘™e, made' 
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A Short Synopsis of Military Surgery 
harmoniously to its utmost capacity toward a common goal — ^victory! 
Esprit-de-corps means prompt, unhesitating, often unthinking obedience 
to higher authority; may we all attain that very essential spirit! 

This discussion does not permit giving a detailed description of the 
diagnosis and treatment of all types of war wounds. I shall therefore 
take up a fev.' outstanding problems confronting the military surgeon 
at the front. 

Shock will continue to tax our efforts because its presence so fre- 
quently modifies the end-results of surgical repair. Please remember 
that the degree of shock present in any given case may be all out of 
proportion to the wound or wounds found on the soldier. There are 
many contributing and accentuating factors to be taken into considera- 
tion, such as pain, cold, hunger, heat, thirst, fatigue, and loss of sleep. 
The importance of recognizing these secondary factors was most dra- 
matically demonstrated during World War No. 1. In the spring and 
summer months of 1918, when the weather was comfortable and our 
soldiers were fresh from training camps, shock only occurred among the 
severely wounded. When the rainy season opened and our troops were 
fighting in the Argonne sector, with transportation bogged up, inade- 
quate food and shelter, loss of sleep, cold and hunger became almost 
major factors in the production of shock, regardless of the type of 
injury received. Without academically detailing the various theories of 
shock, we must admit that it is a disturbance of functional equilibrium 
characterized clinically by reactions of depression which may be severe 
enough to pro^'e fatal. It is often associated with severe hemorrhages 
or precocious toxemias, increasing the difficulty of appreciating the rela- 
tive importance of each etiologic factor. Physiologists believe that the 
rapid repetition of painful impulses causes e.xhaustion or inhibition of 
the medulla. These impulses may be entirely psychic and we must 
recognize the possibility of true nervous shock. Four vital processes are 
notably depressed. 

Subnormal temperature 
Feeble, rapid and irregular pulse 
Shallow and sighing respiration 
Low blood pressure 

Regardless of the etiologic factor or factors there ensues a dilatation 
of capillaries and a pooling of blood w'ithin them. An abnormal 
permeability of endothelial walls develops with escape of plasma into 
the loose cellular tissues and concentration of blood corpuscles within 
the vessel walls. Emphasis should be directed to this last statement. 

In shock it is only the blood plasma and not the blood corpuscles which 
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passes by d.apeaes .5 mlo the loose cellula. Ossues hence a Wood count 
Lll leveal a normal or even an increased number of red cells In 
hemorrhage, on the other hand, whole blood is lost through torn vessel 
or vessels, and if considerable loss has occurred, the number of red 
corpuscles will be found to be decreased 

Prophylaxis Shock ^ill be prevented or minimized b) decreasing 

painful stimuli by , . , t 

1 Immediate immobilization of fractures and physiologic rest ot 


all m)ured tissues 

2 Adequate doses of morphine, provided an accurate diagnosis of 
the lesion or lesions is not thereby masked 

3 Rapid accurate and gentle handling of tissues during any and all 
operations 

Shock wtll he relieved by 

1 Heat to the body, including the extremities 

2 Hot drinks (unless contra indicated by the presence of visceral 
lesions) 

3 Lowering of the patient s head (except in lesions of the head, 
heart or lungs) 

4 Checking of hemorrhage In cases of internal bleeding diagnosed 
^operatively or suspected, shock should not be treated until the surgeon 

ready to seek and check the source of the hemorrhage, i e , he should 
eat shock and hemorrhage simultaneously The mistake, frequently 
fatal, of stimulating a patient in shock without having previously ruled 
out hemorrhage is so often made that a few remarks on elementary 
physiology may be permitted In shock, particularly when associated 
with hemorrhage, the cardiovascular system is at its lowest ebb The 
pulse IS rapid and thin, blood pressure is below normal, respirations are 
rapid and shallow Blood issuing from a torn solid viscus or a lacerated 
vessel flows more and more slowly and clotting eventually occurs even 
in a closed wound The bleeding ceases and remains m abeyance as 
long as the patient remains in shock Unwise cardiac stimulation m 
creases heart action and raises arterial tension The primary clot is 
loosened secondary hemorrhage occurs and the already depleted soldier 
expires 

5 Intravenous injection of a 6^ gum acacia solution is of great 
benefit m shock not associated widi hemorrhage Normal saline is both 
illogical and harmful because the fluid escapes through the dilated 
capillaries and further increases the pooling of serum m cellular spaces 
Gum acacia molecules are too large to escape through the vessel walls 
It IS true that the use of an impure product caused some alarming re 
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A Short S)no^sis of Military Surgery 
actions in 1918; in its present standardized form it can be safely used. 

6. In evacuation hospitals, blood transfusions, given at the time 
of operation, will displace gum-acacia solutions. Whether blood-banks 
can be safcl)- used in evacuation hospitals or possibly stored blood- 
plasma as recently advocated, is still a moot question. There certainly 
would be the same objection to the use of plasma alone in shock that 
we have noted in saline solutions. 

7. Absolute psychic and physiologic rest after any war trauma oi 
subsequent surgical intervention. 

Hemorrhage 

Injuries involving the main trunks in the neck, thorax or abdomen 
and those of the main vessels of the liver, spleen, or kidneys are usually 
fatal before any surgical help can be given. Hemorrhage from any of 
the larger peripheral arteries may be profuse enough to endanger life. 
Inasmuch as the wounded soldier has to be evacuated from the aid 
station to the field hospital and thence to the evacuation hospital and 
the duration of evacuation may fluctuate within wide limits, there are 
only two safe methods of checking a severe external hemorrhage, i.e., 
ligature and forcipressure. Tight packing of a wound and the use of 
the tourniquet should never be resorted to except in dire necessity; if 
done at all, the fact should be noted on the field tag, giving the date 
and hour at which it was done. Both litter bearers and ambulance drivers 
should be instructed to loosen the tourniquet for a few minutes at least 
every hour, reapplying it if the hemorrhage starts up again. It seems 
hardl)' necessary to remind you that tight packing of a wound favors the 
development of gas gangrene, while a tourniquet left in situ over 
several hours will result in death of a limb. In the field hospital tight 
gauze packing and tight bandages should be removed and, if time per- 
mits, the bleeding vessel should be sought for, ligated, and the wound 
lightly covered” w'ith gauze and' bandage. iV the wound' ihvolVes a limb, 
immobilization of same is of paramount importance before further 
evacuation. Immobilized muscles cease to contract; non-immobilization 
or inadequate immobilization permits spasmodic retraction of muscles, 
thus tending to carry infected particles beyond the wound itself — an- 
other potent factor in the production of gas gangrene. A complete 
revision of the -wound, with debridement when indicated should only 
be attempted in an evacuation hospital. Regardless of the type of open 
wound inflicted on a blood vessel, the clinical manifestations of hemor- 
rhage will only vary in quantity depending on the degree of gaping of 
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most important o£ all on the amount of rcststanct to tlic outpouring 
of blood offered b) the surrounding tissues 

The cardiodynamic picture following the rupture of an artcr) is 
dominated in the initial stages b} the effects of reduced %cnous return 
Initially diastolic pressure decreases more thin systolic the pulse pressure 
is greater and the peripheral pulse acquires i collapsing characteristic 
The following mechanism tend to some degree to compensate for the 
sudden loss of blood (1) dtsecsion of blood from capillary pools 
(2) contraction of the spleen and (3) dilution of blood by resorption 
of lymph The tendency for arterial pressures to fall rapidly as a result 
of hemorrhage is partly counteracted by (1) an increase in depth 
and rate of respiration which tends to favor the return of blood to the 
right heart (2) an inhibition of the \agus center causing an increased 
heart rate and (3) a stimulation of the vasomotor center causing a 
constriction of peripheral blood vessels Every hemorrhage except one 
coming from a very large \essel has a natural tendenq to be checkcil 
long before the loss of blood becomes dangerous The duration of 
bleeding depends not so much upon the size of the vessel wounded as 
on the hcility with which an efficient clot forms over the opening and 
on the type of wound open wounds exposed to the ait greatly facilitating 
the phenomenon of blood clotting In closed wounds the size of the 
ihematoma will to a large extent depend on the anatomic barriers 
tending to circumscribe the effusion Closed wounds involving the dome 
of the liver ate rarely fatal because the bleeding is arrested by pressure 
of the diaphragm above and the falciform ligament laterally The 
same is true of kidneys lung parenchyma muscle fascial planes or 
subcutaneous connective tissue It thus ^comes easy to understand why 
retroperitoneal splenic or mesenteric wounds necessarily demand imme 
diate surgical intervention 

The cardinal symptoms of hemorrhage are a rapid soft pulse a low 
blood pressure and obvious anemia Excessive thirst and air hunger are 
common If the bleeding is severe and mtra abdominal fluid may be 
detected in the flanks and shifting dullness may be demonstrated by 
turning the patient from side to side The patient may state that he 
feels something hot running inside him We have frequently noted 
this particular symptom which is hard to explain on physiological grounds 
for the temperature of blood ucme or gastrointestinal content is that 
of all subcutaneous structures It is futile to attempt to determine the 
probable type of mtra abdominal trauma by observing the wounds of 
entrance and exit Bullets and shell fragments often ricochet and mul 
tipk visceral lesions ate almost the rule A bayonet wound on the other 
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A Short Synopsis of Military Surgery 
hand, gives one a fair index o£ the locale of the trauma. The finding of 
hematuria, bloody* feces or a mucobloody rectal discharge or a frothy 
hemoptysis are important diagnostic signs. Early vomitus, early abdom- 
inal distention usually indicate a hollow viscus lesion. 

Prognosis should always be guarded and usually kept in abeyance for 
at least twenty-four hours. It not only depends on early intervention 
when indicated, but principally on the number and severity of visceral 
lesions, ease with which hemorrhage has been checked and the possibility 
of complicating peritonitis or visceral necrosis. 

Basic indications for immediate operation are clinical symptoms 
pointing to progressive intra-abdominal hemorrhage or hollow viscus 
penetration. Repeated blood examinations at short intervals are invalu- 
able. Perforation of a hollow viscus demands immediate intervention. 
With a suspected wound of a solid viscus, but without symptoms of 
severe hemorrhage, an expectant attitude should be adopted. Most of 
these cases recover without intervention. If the hemorrhage has been 
severe enough to produce a picture of frank anemia, the best working 
rule is to operate if the patient is seen very early but to watch and 
observe for a few hours if the patient is seen six or eight hours after 
the injurj'. If then the anemia is not apparently progressive, one should 
not operate, for the hemorrhage has to all intents ceased and laparotomy 
will cause a renewal of bleeding with a probable fatal result. On the 
other hand, if there are signs of progressive hemorrhage, the abdomen 
should be opened at once. A good working principle is to operate 
if reasonable doubt exists regarding a hollow viscus lesion for the 
mortality of such an operation is exceedingly low when no visceral 
lesion is found. Two general rules may be followed to aid the army 
surgeon in his choice of an incision: (l) Plan the incision to meet the 
visceral lesion suspected. (2) Avoid if possible the site of entrance and 
exit wounds in order to diminish the liability to wound infection. Al- 
ways make the operative wound sufficiently ample to insure unhampered 
exploration. An 8-10 inch long incision avoids evisceration of intestines 
during closure of the abdominal wall. For all middle and lower ab- 
dominal operations the paramedian incision gives the best results because 
no nerve fibers are cut and postoperative herniation is almost unknown 
For injuries to the liver or spleen, without traumata to hollow viscera 
the transthoracic extrapleural incision facilitates exposure and treatmerA 
of these two solid organs. This indsion is based on the anatomic fact 
that a thoracic incision beginning at the eighth costal cartilage in the 
parasternal line and running obliquely downwards, outwards and back- 
wards to the tenth rib in the mid-axillarj' line and twelfth rib in the 
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scapular line absolutely avoids the pleural smus A lumbar mcision is 
only indicated m kidney lesions or for evacuation of retroperitoneal 
hematomata In the presence of free intra abdominal hemotrhage a 
suction apparatus should be used if uncontaimnated by gastro intestinal 
contents the blood should be rapidly centrifuged and the plasma either 
injected intravenously or poured back rnto the peritoneal cavity just 
before closing 

Many valuable minutes will be saved if the surgeon has acquired a 
definite routine for his examination of the abdominal contents Our 
preference is to begin at the right upper abdominal quadrant palpating 
the right kidney then passing a hand over the dome of the liver and 
examining its anterior and inferior surfaces A firiger is next intro 
duced through the foramen of Winslon in order to palpate the head of 
the pancreas and first two portions of duodenum Stomach and gas 
tfocohc omentum are then inspected for perforations or lacerations 
The spleen and left kidney come next By lifting up the great omentum 
and transverse colon and passing an index finger from right to left under 
the colon the first loop of small intestine encountered is at the ligament 
of Trcitz From that point on successive loops of jejunum and ileum 
are lifted up carefully examined and rapidly replaced in the abdomen 
by an assistant Having arrived at the ileocaecal valve the entire colon 
5 inspected to Its pelvic end Visualization of the bladder completes a 
stem of inspection which makes it impossible to miss any lesion Any 
area where trauma is encountered is temporarily tamponed Perforations 
arc clamped off with intestinal clamps and the perforation is closed 
with a hemostat Mesenteric vessels if torn are clamped and the 
involved loop of intestine observed Cor viability or non viability Es 
pecially in the presence of multiple intestinal lesions is it poor judgment 
to repair each lesion when found as the delay involved increases the 
danger of peritoneal contamination With bleeding tamponed and leak 
igc$ clamped the surgeon can proceed with the permanent care of the 
lesion or lesions encountered Wounds of the liver are tamponed the 
end of the gauze brought out through a right lumbar stab wound It 
should remain in situ for five to seven days being progressively with 
draw n With the exception of small tears which merely require tampon 
mg a laceration extending to the hilus of the spleen usually involves one 
or more of the splenic vessels and necessitates a splenectomy Care 
must l>c talen not to injure the tail of the pancreas or greater curva 
lure o the stomach while ligating the splenic pedicle In poor surgical 
tnkv the pedicle can be clamped with 8 m forceps which arc then cov 
ered wtiU vxseUnc coated gxwie wd left ,n situ for three to five days 
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A Short Synopsis of Military Surgery 
Lacerations involving the mesentery at right angles to the long axis of 
the intestinal tract seldom re<juire mote than ligation of the arterial 
or venous branch and closure of the rent. Where there is complete 
detachment of a segment of bowel from its mesentery and the proximal 
portion of the mesentery has bad its main artery torn, the prognosis as 
to viability of the segment is bad. Collateral circulation is notoriously 
poor and the surgeon must decide between an immediate resection and 
end-to-end anastomosis in good risks and exteriorization of the involved 
loop in bad risks. In any case the torn vessel must be double ligated 
even if bleeding has ceased. Unless the renal artery has been severed, 
hemorrhage from either kidney will rarely warrant a primary nephrec- 
tomy; tamponing will usually suffice as far as immediate treatment is 
concerned. Hemorrhage from a perforating wound of the bladder is 
never serious per se, but immediate repair will prevent deep cellulitis 
or pelvic peritonitis. Bleeding from a wound of the pancreas is not 
alarming, but escape of pancreatic ferments into the peritoneal cavity 
represents one of the hardest problems in surgery. The sheltered posi- 
tion of this organ makes it almost impossible to be wounded without 
adjacent injury to the stomach, duodenum, transverse colon or spleen. 
An early pre-operative diagnosis of pancreatic injury is impossible. When 
discovered, one may — rarely — attempt to suture the rent. Usually the 
surgeon will be limited to tamponing of the injury, tubal and vaseline- 
gauze drainage and protection of the abdominal wall by means of zinc 
oxide ointment generously spread over the entire abdomen. 

Blood transfusion, 5-10% glucose solutions intravenously, heat to the 
body and complete physical and psychic rest are all valuable adjuvants. 
Repetition may seem uncalled for, yet we would again remind army 
surgeons never to stimulate a patient with a suspected or possible internal 
hemorrhage until the latter has been controlled or is about to be con- 
trolled on the operating table. Stimulate while you operate! 

In military surgery the onset of septicemia may be so rapid that, even 
when the primary focus of infection is discoverable and removable 
through debridement, drainage or relief of tension, little or no improve- 
ment may follow. The outcome will depend almost entirely on the 
rapidity with which the wounded soldier can marshal his own defenses. 

It is in such cases that therapeutic attempts to lower fever are to be 
deplored. From a clinical viewpoint there can be no question but that 
fever is our best index of the virility of reaction on the part of the 
patient against bacterial infection. Predisposing factors which tend to 
reduce the protective forces of nature, sudi as excessive fatigue, loss of 
sleep, hunger, as well as prolonged operations, rough handling of tissues, 
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to the touch. Sudden chill, rise in temperature and pulse rate, as well 
as leucocytosis var)’ within wide limits and depend entirely on the decree 
of resistance marshalled by the individual. 

Active treatment consists in the main in changing a deoxygenated 
lacerated wound into one obtaining free access to oxygen. Multiple 
incisions, opening of intermuscular septa, thorough debridement of all 
devitalized or dead muscle tissues and, if obtainable in advance forma- 
tions, continuous irrigations with hydrogen peroxide — the one positive 
means of bringing oxygen to the utmost depths of the wound. In spite 
of recent encouraging reports, specific treatment by vaccines is still in 
the experimental stage and we should not abandon the simpler methods 
enumerated which have proven their value. You will, of course, have 
noted that I have omitted blood counts, smears of wound secretions or 
the use of the X-ray. By the time a wounded soldier suffering from a 
type of wound favoring the onset of gas gangrene has reached an 
evacuation hospital where, for the first time, laboratory facilities are 
available, his fate has been decided unless front-line surgeons have given 
him early, simple but energetic prophylactic treatment. 

Tetanus will also claim the immediate attention of front-line surgeons. 
Fortunately, antitetanic serum — 750-1500 units — has proved its prophy- 
lactic value. In addition to the serum, all punctured wounds should be 
freely opened before the wounded soldier leaves the field hospital. 

A few words about maggots may not be out of place. We had many 
maggot-treated wounds during the Argonne offensive; I mean, of course, 
that maggots found their way under bandages and dressings, not that 
we placed them there! These wounds were the cleanest we ever saw. 

It is to be deplored that Dr. Baer, who popularized the maggot treat- 
ment of osteomyelitis after the armistice, should have laid so much 
stress on the so-called sterilization of maggots before placing them in the 
wound. Maggots only devour dead cells, are not toxic and their wings 
do not have to be brushed off with an antiseptic solution! 

Immediate immobilization of all fractures will prevent or lessen pain 
during transportation, keep involved muscles flaccid and minimize the 
danger of septicemia and gas-gangrene. An immobilized muscle does 
not contract; hence cannot carry infected material beyond the site of 
the wound. In the process of immobilization of a shattered bone, care 
must be taken not to impair the drculation of the limb, i.e., allowance 
must be made for the increase in the circumference of a limb caused by 
loss of blood in and around the wound. Sudi wounds should be well 
padded and circular bandages put on lightly and not tightly. 

Of greatest importance during a battle is an adequately staffed and 
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competently organi^ea section in all evacuation hospitals Dtpcncncc 
rained during a tour of inspection of Drilisli and I Itnch casual!) cleat 
mg stations and H O F s (Hopilal Otigine 1 tapes) in 1917 enabled 
US to work out a system which proved such an invaluable lime saver 
that It would seem wortli while to describe some of its details lliosc 
who might wish to study the system m its entirety will find mj paper 
on Convoys and Thcit Cate in the October I? 1918 numlxir of 
the Journal oj the Amenum AXedttal Aisocution During an impor 
tant engagement the admitting squad plays a very outstanding role 
One sergeant and from four to six privates selected for their clerical 
qualifications will suffice for ordinary convoys this number may have 
to be doubled or trebled if the casualties are pouring in by the hundreds 
Rapidity and accuracy are both essential ambulances must be promptlv 
discharged and blankets pillows and stretchers returned in order not 
to hinder transportation problems A varying number of stretdier bearers 
must also be assigned for duty during the emergency as well as a squad 
of orderlies to wrap up and make out receipts for clothing and personal 
belongings The hospital organization must be made clastic enough 
to meet all contingencies rigidity must give way to flexibility if one 
does not wish to see the hospital grounds littered up with a nngled 


mass of ambulances stretchers and walking wounded — precious hours 
pasted because sudden shifting of duties and details have not been fore 
I een and worked out Walking cases line up in front of the clerk s 
ble give up their field cards receive a ward ticket and piss on rapidly 
to the buffet Stretcher cases ate laid in rows in the admitting tent 
and the clerks pass rapidly from one to the other recording all necessarv 
data in duplicate for all urgent cases As fast as the duplicate clinical 
record is filled out with the ward number on it the stretcher bearers 


carry each patient to the receiving ward returning litter pillow and 
blankets to the ambulance waiting outside While the admission of 


•paJ-jOTtvi -A 'nc^iubtix -arrii/ng {fctarrs xSi fne olhcer o't the day 

we found It necessary to appoint a special admitting officer for this 
extremely important and difficult task He not only Supervises the paper 
work but acts as a triage officer Not only must he be a surgeon of quick 
and mature judgment but he must also constantly have m mind or on 
paper (a) the relative technical value of the surgical teams (b) the 
special surgical teams on duty (c) the hours of the different surgical 
shifts and (b) the available beds m each surgical service From a 
rapid examination of the general appearance of a given casualty plus 
written indications on the field card he decides as to its disposal men 
in doubt he waits until the soldier is in bed in the receiving ward and 
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then makes a thorough examination before coming to a final conclusion. 
With a sudden con4 y of several hundred casualties arriving w.thm a 
few hours it stands to reason that some of the wounded will have to wa t 

cleansing and delousing methods. recorded and foreign 

X-ray -m where they - en i"te attention. As soon 

as the dhpowl of a convoy has !>“" pTiho? near'fte 

now become director of surgica , 1,5 stretcher 

operating room in order to . insuring a constant stream 

orwou;L”mra?dThfop3 room’and preventing undue congestion 

“ Ti.r.u -i- •• 

their wounds, nine gave them hot tea, chocolate or 

they ate out of the ambulances. g Abdominal cases were 

cocoa, sandwiches, hash or some giving of nourish- 

the one exception. While •'’ jl J.ard require anesthetizing 

ment to a patient who /et m 

presents certain esthetic one’ has seen hundreds of wounded 

caused by this war custoin. deloused, washed up and 

men eating their fill at the u slumber 

clothed and in clean pajamas fall strengthened and refreshed, 

from which they awaken a few h 

ready for their operative ej^i^n 

ing the ' best procedure to o ' , ^ wounded soldier is a 

surgical notions to the contrary notwithstanding 

disabled athlete, not a sick mam barracks, approxi- 

For a 2000 bed evacuation hosp , admission, 

mately 6x18 yards, will be ^ fo, stretcher cases and one 

one for a buffet and undressing room, two 

for a bathing room. ,„,rion hospital is to operate properly 

The great problem in an wa t ^ of time— 

and rapidly on a large j Much useful lime can be need- 

the shorter the belter for f * for patients. If one repre- 

lessly wasted in the operating room, waiting P 



lK«*r Wo/ittds 

sents as 100 the total espenditutc of time in a £i'cn surgical case— 
from the time the patten! arrises in the ssaril until lie returns thereto 
from Ihe operating room— this number can be thus sub 

divided 


Undressing nnd cleansing of piticnt 
Preparation of oporntnt field m ward 
^\altlng for turn in \ ray room an I fluoroscopy 
Anesthetizing patient 
Operation 

Dressing bnndaging imiooLilizitlon nnd removal of 
patient from operating room 


30 

10 

10 

10 


A properly organized admitting tent and competent director of 
surgical material will easily quadruple the operatise output of a surgical 
team — an all important item during a lieaty engagement 

As one looks back on the successes or failures incurred v-bilc in mth 
tary service certain axioms stand out and as an old u ar \ cteran w ho w as 
fortunate enough to satisfy the demands made on him I make bold to 
cass them on to the present group of officers on r\hose shoulders svill 
fall the task of carrying on where tve left olT 

^ 1 Avoid criticism of the actions or orders of a senior officer, he is 
probably m possession of special information 

2 Be a father to your men 

3 The beau ideal of any military unit is one in which officers and 
men alike perform their respective duties not m a spirit of fear fear 
of reprimand or punishment but because they ha\e become imbued 
with the proper esprit de corps arc proud of their outfit and determined 
to give the best service possible no matter what demands ate made 
on them 

4 From the youngest shavetail to the commanding officer self 
criticism should frequently be resorted to We shouldn t expect the 
men under us to perform duties or carry out maneuvers with which we 
are not familiar you cannot impart knowledge which you yourself do 
not possess Authority over your men will not be lessened but enhanced 
when you show a willingness to help them even manually, when you 
find them in difficulties General Frank Parker retired illustrated the 
importance of looking after the welfare and comfort of the men by 
recounting the following incident On inspection tour one day m France 
he spied a soldier limping along the road Telling his driver to stop 
the staff car the general walked back to the soldier and asked him 
why he was hmpmg On bemg told that his shoes were too small 
14 
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General Parker had the soldier get in the staff car beside him, drove to 
tlie nearest Q.M, advance depot and personally saw to it that proper 
shoes were found and exchanged for the misfit ones. Did he leave the 
man at the depot, to walk back to his outfit? Indeed not; back they 
w'ent in the staff car to the soldier’s destination! No wonder that the 
troops commanded by so humane and understanding an officer were able 
to write some of the most brilliant pages of the American Expeditionary 
Forces ! 

5. The keystone of eiBcienq* in the army is loyalty, loyalty to the 
army and to the medical profession, loyalty to one’s unit and commanding 
officer, loyalty to one's juniors. 

6. In the heat of battle, when officers of all units, combatant as well 
as non-combatant, are loaded with tmetp^riCy details, the surgeon can 
and often must make his own decisions. Artillery fire may suddenly 
make his aid-post, collecting station or field hospital untenable; evacua- 
tions may become impossible over pre-arranged routes owing to destruc- 
tion of same or clogging up by oncoming troops or supplies; a sudden 
retreat may bring his outfit too close to the firing line. He has no time 
to send back a runner for new orders but must issue them himself — 
and be prepared to defend his decision! 
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SURGICAL PRINCIPLES IN DIVISIONAL MEDICAL UNITS 

By COLONEL C MAX PAGE, DSO.MS.FRCS 
Surgeon to St Thomas's Hospttrd, Consulting Surgeon. Eastern Command 


The work of divisional medical units under conditions of active 
service is mainly aimedlt the efficient evacuation of casualties It has 
become clear in the pre/ent campaign that a smooth and rigid scheme o 
treatment and evacu^on from aid posts to casualty clearing stations as 
was possible m 19^ 18 cannot be adiieved The medical services in the 
held must adapt'meir activities to events* and though it is impossible to 
forecast the circumstances under which individual units will work, the 


general principles of wound treatment should form the background of 
their action m relation to the individual wounded man There is no doubt 
that the treatment he receives in the zone m question has a great influence 
on his subsequent condition, and an attempt will be made below to define 
what should or should not be done with a wounded man m regimental 
or held ambulance posts 

We started this war with a clear idea of the ideal wound treatment 
this was founded on the experiences of 191d 18, and was to some degree 
coloured by reports on Spanish practice in their civil war Since then 
experiences with our Expeditionary Forces and at home have done little 
to alter the established principles though they have brought to light the 
value of the sulphonamide group of drugs in prophylaxis Moreover, 
there has been activity on the research side both m relation to these drugs 
and into the value of antisera for anaerobic infections The importance 
of fluid replacement in the treatment of shock has become fully recog 
nized and the provision of preserved blood or a substitute has been 
put on a sound basis 


Importance of Early Operation 

Whatever adjuvants to wound treatment we may now possess nothing 
has lessened the proved importance of early operation for the majority 
of the wounded if serious infection is to be avoided The operation in 
general will be one of debridement or the establishment of drainage, 
m accordance with the time lag imposed and the surgical conveniences 
available Primary repair is aimed at only for mtra abdominal injuries 
and those of the chest wall and skull Primary suture of a somatic 
wound IS not advisable except m very carefully selected cases The ideal 
time for operation after the man has been injured cannot be defined with 
absolute precision Jt is gcnerallf recognized that the period during 
which a radical excision or repair operation is likely to be satisfactory 
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is within at most twenty-four hours of injury. Subject to the necessar)’ 
period of resuscitation most authorities would reduce the ideal time-lag 
to twelve hours. 

Our organization in the forward area is based, therefore, on getting 
the seriously wounded into the care of a surgical centre with the mini- 
mum of delay. The term "surgical centre" is used to imply any organiza- 
tion where formal surgery* and the full process of resuscitation can be 
carried out. The difficulties in conforming to this ideal under the varying 
conditions of modern war are only too patent. We have to admit this 
handicap and aim at adaptability and elasticity in this matter as in other 
spheres of Army activity. 

Treatment in Forward Units 

The following may be laid down as the procedures to be carried out 
for the wounded at tlie aid post before transfer to the surgical centre; 

1. A simple dressing of ade<^uate size is applied to the wound if 
this has not already been done. 

2. If the patient has not already received it, A.T.S. (3,000 units) 
should be given and the fact notified on his field medical card. The 
employment of anti-gas-gangrene serum at this stage may be of value, 
but a decision as to its general use has not been arrived at. Sulphanila- 
mide may be administered to the more seriously wounded, especially 
in cases in which fractures are present. It should be given by the mouth, 
a 2-gramme dose to start with and 1 gramme at four-hourly intervals 
subsequently up to a total of about 20 grammes. A note as to the time 
the treatment started and the dosage given should always be entered 
on the man's documents for future guidance. The question of packing 
the wound with sulphanilamide is referred to below. 

3. Shock. — The first need of the wounded man is for rest, warmth, 
relief of pain, and drink. Simple though these demands are in quiet 
periods, in forward units they cannot always be completely satisfied 
under conditions of activity. When achieved they go far to bring a man 
out of primary shock. Transfusion 'of serum or plasma will of necessity* 
be limited by the conditions of the aid post and other circumstances. 

In general, it may be said that the transfusion of a pint'of serum or 
plasma at this stage should be reserved for serious fracture cases or for 
•■hose in which a severe haemorrhage has been controlled by ligature. 
For a serious burn similar treatment will sometimes be advisable before 
evacuation, but it is evident that the storage of the necessary material 
and the conditions for the proper administration of a transfusion will 
exist only in the larger aid posts. 
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The following notes are concerned with the treatment of special 
conditions 

Fixation of Fractures 

Satisfactor) fixation of fractures before evacuation is of the first 
importance if secondary wound shock and increased local damage ate 
to be avoided Tor fractures of the thigh and m the region of the knee 
the Thomas splint is of the greatest value It should be applied in 
accordance with the recognized method, over the clothes with the boot 
and sock still in place Traction is exerted through a clip or skewer 
attached to the boot or by binding the foot to a foot plate Traction 
should not be severe, nor should it aim at a complete reduction of any 
overlap of the fragments which may be present A splint with a large 
sized ring must be used for these cases and therefore the result of forced 
traction is to push the ring up mto the femoral angle, producing a condi 
tion that js both uncomfortable for the patient and liable to produce a 
pressure sore The tension applied should only be sufficient to stabilize 
the fragments The ring of the Thomas splint, when too large, can be 
to same extent stabilized by packing between the upper part of the thigh 
and the outer section of the ring Judicious suspension of the ting from 
a suspension bat attached to the stretcher will also have the same effect 
‘ r ractures of the tibia and fibula may be treated m the same splint 
As a rule little or no traction is required but control of the rotation of 
the loiser fragment should be obtained by binding the foot to the foot 
piece In fractures of the lower half of the leg a simple box splint with 
a foot piece is I think, preferable This can be made from Cramer 
Mire splinting or, if this is not available from boards or Gooch splinting 
A similar arr-ingcment should be employed for the splintage of injuries 
about the ankle or foot 

hr the upper extrermt) fractures of the humerus m the proximal half 
of tJjc bone, and including rn/urics to the scapula are best fixed by 
binding the arm to the side with a pad placed between the arm and the 
chest wall, the forearm is supported b) a sling If the fracture is m the 
lower half of the bone or about the elbow joint the use of a posterior 
sphnt extending from the shoulder to the hand is desirable the elbow 
king set at about a right angle This sphnt is most conveniently made 
from Cramer wire splinting If it happens to be available a plaster-of 
Pans slat instead of the wire sphnt will serve even better, but there must 
k no question of appl)ing a complete encircling plaster bandage m this 
phase 1 ractures of the forearm wrist, and hand should be immobilized 
on a section of Cramer wkc splinting knt at a right angle to hold the 
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elbow. It should be noted that fixation of f^^ures m th. stage sums 

^ upper c» fos .he 

transport usually be owing complete destruc- 

there is a tendency for the tongue ^ fixation 

tion of the symphysis, a stitch or two should be asedjm 

““”®««!-It has become ™stomary to advise 

injuries in the prone position. P Moreover, it renders 

distressing for a sttotcher journey of disturbance, 

access for catheterization •n'F?*''’ , j^^sjon of the spine is there- 

The theory supporting this practice t ^^tebtal displace- 

by maintained, the position ot -tv oresent. The prone position 

ment and tending to reduce an P foliation of dorsal 

certainly has the advantage tl ao™ ,( dear that 

pressure sores, though not 'hose on ® „jd symptoms or 

'missile wounds of the spine, wheth ,mpacted 

not, are not subject to this atgumen . importance in 

flexion fractures. It is doubtful if *be pos ^ spine 

the case of fracture-dislocations provi c spinal injuries should 

is not allowed to occur. It is therefore by three per- 

be transported in supine position. o ^nine at about the level of 

sons, one of them taking care to suppor stretcher the lum- 

the injury in such a way as to prevent folded blanket. For 

bar curve is maintained by a srnall cus . . ^ similar arrange- 

cervical injuries extension is sufficient y ma j injuries and wounds 

ment placed just above the shoulder , , important point in car ) 

in which the cord or cauda has been of the bladder, 

treatment is the avoidance of f -jj, |f sock and lx)ot are 

Pressure sores on the heels are less ‘ I ^ nvailable an air ring shou 
left on. unless the latter ace wet through. present a gentle 

be put under the buttocks. When retentJ ,s vcO’ 

attempt at expression should be made; i jf it can be 

uncomfortable catheterization may retained for ^mc 

done with aseptic precautions. If * re ca ^ djc cat letcr 

days or if the period of transport is ongv 
in (Taylor, 1941). 
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onli a few r.bs are broken the drslu.bance rrecessar, for 
proper strapping should be avoided unless djspnoea i5 extreme and Ibe 
man IS deaX unfit for transport When man) ribs are staved in it is 
best to strap the chest, corapletel) encircling botli sides This fixation 
of the lower part of the chest will enforce diaphragmatic breathing, but 
It reduces the d)spnoea resulting from irregular chest movements 


Otlior 6i«‘cial Comlilions 

Ampntaiioyii — Ptimarj amputation m the toeward area should onl) 
be undertaken when the lesions of the soft parts arc so gross or the 
damage to the mam \esscls is so complete that surtnal of the distal part 
is out of the question If evacuation is good even when these conditions 
are presertt operation should be deferred until the surgical centre is 
reached so that a mote formal procedure can be there carried out than 
IS usually possible in an aid post It is said that the development of 
secondary wound shock can be checked m such cases by the application 
of a tourniquet immediately above the wound 

Cheii Wounds — ^Wounds m this area largely require more than a 
surface dressing unless an open pneumothorax or sucking wound is pres 
ent In this latter event it is important to close the opening effectively 
Suture with this m view should not be carried out unless complete wound 
excision can be coupled with it A large greased pad and covered with 
mackintosh tissue should be strapped over the opening (Barrett, 1910) 
Elastoplast will be most satisfactory for the purpose, but ordinary ad 
hestve tape will serve The strapping should overlap and extend over 
the whole pad Occasionally an early pressure pneumothorax may be 
met With Cyanosis and dyspnoea together with displacement of the 
apex beat and sometimes the trachea will enable a diagnosis to be 
made (Sellors 1941) When it is recognized it should be relieved by 
needle puncture at once 

Abdominal Wounds — In the ordinary way the wounds will be pro 
tected and the patient marked for early evacuation to the surgical centre 
Morphine should be given in those cases in which diagnosis of perfora 
tion of the gut is evident from the position of the wound or from the 
clinical signs No attempt should be made to return prolapsed viscera 
or omentum they should be covered with a normal saline pack or plain 
dressing and bandaged a note being made of the state of affairs on the 
FMC 

)Aead Injuries — A simple protective dressing only should be em 
ployed, even when there is prolapse of brain A note as to the mental 
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state of the patient and a record of the pulse and condition of the pupils 
or any paralysis which may be present should be luade on • 

iJ„rL-The treatment of burns in the initial phase is directed to 
preventing shock, which may prove fatal. If, however, the burn . of 
Lch a size as not to endanger life the mam “nsidera non 
ing and the restoration of function. The danger to life om extens, 
bums is best treated by some medrod of surface -Sf ■ 

has proved the most satisfactory m this respect. compreLs 

haps'^best effected with tannafax ielly or 

m^rrbr™% - 

burns of the face and hands, should not be tanked P |.^P 

dered with sulphanilamide and ,“v«ed with vas 1 

gauze. No attempt at surgical cleansmg is yet 

pastes on trial for application under these con , , method 

be said that any have proved there superiority to the simp 

NoloS: if :m"ssel ^ TatdSa 

can be given, and he does not reach .parity of retraction, 

vessel is divided completely it has consi injury self-sealing 

and in the condition of shock which is pro u continuing from a 

will very likely occur. When Weedmg is obv^ ,he 

wound an attempt should be made at the r g tourniquet has been 
bleeding-point with a ligature or creeps. longer than is 

applied it is most undesirable a tourniquet has been 

necessary. In a large proportion ot c nccurred without its use, 

applied in the field haemostasis wou position for half an 

for it takes place after the tournique ^ pressure exerted 

hour or so. For haemorrhage from minor v jl, suffice 

by a pad bandaged in place, coupled with recumbenq, 
for control, . ; „ormal and the journey 

Priority in Evacuation .— p an hour abdominal injuries 
to the surgical centre can be effected m a u ^^fained foreign bodies 
should have precedence. Fractures an j£ pressure of 

should come next, and chest and hea jo be altered, and 

casualties is very great this order wi officer on the Sfwt, 

the alteration must be determined by ® » surcical possibilities. 

since he has a knowledge of the local con impossible and an 

Isolation of an Aid Por/.-Whcn e^-acuat.on 


—When 
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aid post IS isolated and therefore saddled svith the rcsponsibllil) for the 
svounded oier possibly a peliod of several days, it is clear that an attempt 
should be made to produce the conditions of a surgical centre In fact 
this will not often be practicable on account of the lack of personnel and 
of the necessary amenities rormal or radical operations for abdominal 
wounds will seldom be carried out, and the same may be said lor clicst 
and head inyuties The surgical treatment of open fractures will be 
directed to effecting free dramage rather than radical wound excision 
Amputations should be carried out for gangrene or for local infections 
which may threaten life 

Pansement d Attente The mam efforts of available personnel should 

be directed to the prophylactic use of sulphanilamide for all serious 
wounds — or if circumstances permit all wounds This treatment should 
be made effective as soon as possible Trom 5 to 20 grammes should be 
introduced into each wound according to its siae, a total of 40 grammes 
should not be exceeded in any individual Enlargement of the wound 
may be necessary to give complete access Foreign bodies which have 
been located and are easy to remove should be extracted at this stage 
The powder should so far as is possible, be brought into contact with 
the whole wound surface or track, it should not be tightl) packed in 
An insufflator if available may be used but it would appear that intro 
duction with a small spoon of known capacity is mote convenient If 
instead of powdered sulphanilamide the tablets are used, the latter 
should be crushed before introduction m order to facilitate absorption 
by the tissue fluids The prophylactic use of the drug by mouth as detailed 
above should be reserved for cases in which the development of serious 
infection is deemed probable missile fractures and irregular retained 
foreign bodies are instances which would come into this category 


The above is a brief outline of the surgical prmciples which should 
determine our treatment of ttie wounded man m the forward area toge 
ther with an attempt to summarize practice In war any set plan can 
seldom be carried through m every detail We should have a clear con 
ception of the ideal at which we aim and in action do our best to attain 
it despite unforeseen difficulties and inevitable handicaps 

I should like to acknowledge my indebtedness to Brigadiers F Lame 
and E M Cowell and to Colonels J Weddell and L Colebrook for 
useful suggestions and advice m the preparation of this discussion 
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Bj JOHN J MOOKllI- AD '1 » 

It W.U not profit us to Ac ^ "“"itcs ttrc 

source site or ““r^lrrhlnl 'rbuHcts contras. ;o .l.osc 

from bomb fragments and S World War I 

caused by shrapnel grenades \ ,„ms of pcnclratrng 

Nor rs there special chn.cal gam by " 

perforating tangential or “ „j irmm namcl), 

The essentials are to combat the free tor/c me 

shock haiorriage and mfccnon Sboc £ j 
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The treatment of the wound itself has two mam object 
prevent infection the other to promote healing \s e know tha g 
isms survive only in the presence of dead or djing tissue It 
have live tissues we are assuteU of dead germs irrcspectiv 
source site or size of the wound Furthet wc know there ate two phase* 
in our combat one is the (onlaminatiou the other the infeclion p 
of any wound Hence the time element in our fight is important P 
ago we learned that any trauma treated early usually meant MCtory 
but if treatment lagged we yielded to complications that often tncan 
defeat This time element leading to victory is within the first sk lOurs 
post trauma the Golden Period Wounds treated then arc in the 
taminatwn phase treated thereafter they are in the tnjeetton 

The basic elements in wound treatment may be said to be (l) ^ 

time element — ^within six hours post trauma (2) the cleansing element 
— soap and water and more soap and water until the parts are cleanse 
after the manner of preoperative cleansing of our hands (3) 
excising element — debridement This means the removal of all dam 
aged tissue by non sacrificial excision until three criteria ate attained 
(a) the parts look healthy (b) bleeding is present from the excised 
edges and (c) muscle contracts This process is not in terms of amount 
of tissue removed it may mean one sixty fourth of an inch or three 
fourth of an inch until the named aiteria are attained (4) The hemo 
static element — leave the wound dry because blood serum and macerated 
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tissue become an autogenous culture medium, virtually a bouillon to 
promote growth of organisms. (5) The sterilizing element — place on 
and in the wound a sulfonamide, preferably sulfanilamide. In amount 
this should coat the entire area liberally. Too much rather than too 
little should be applied. (6) The suture element — if the wound is of 
the lacerated type, abandon any idea of suturing it; instead place the 
sutures but do not tie them until the third day if all goes well. This 
is primosecondat)’ suture and it is by far the best form of treatment for 
ordinary wounds from any source. In W'ounds that are very deep or 
I'ery ragged, the area is left wide open and no suturing of any type is 
used. (7) The dressing element — heavy gauze and cotton applications 
are used because rest and immobilization are important factors. If 
joints are contiguous, they should be splinted to provide additional 
immobilization; then the parts should be elevated and tilted if possible 
to promote drainage. (8) The after-care element — a sulfonamide is 
given by mouth, and our practice at Pearl Harbor was to give 15 gr. of 
sulfanilamide each four hours for three days postoperatively. No re- 
dressings are done until the third day unless there are contraindications. 

All redressings should be done with great care to avoid re-infection, 
hence a sterile clamp and thumb forceps should be used so that no soiled 
fingers or hands will contact the area involved nor touch any of the 
dressings. This is a blacksmith's technic because he uses tongs to touch 
his operative field and to handle his red hot material. 

For the ordinary wound — the abrasions and scratches of the skin- 
deep varietj' — the routine is the same as far as the time element, the 
soap-and-water cleansing element and the powdering of the area with 
a sulfonamide are concerned. As to suturing this type, we may say that 
primary or immediate suture is permissible in recent superficial wounds 
that are well cleansed. However, the interrupted sutures should not be 
too numerous nor tight, and safety is added if a drain is inserted, such 
as a rubber band or a pipe cleaner. Drains, as a rule, should be removed 
within forty-eight hours. 

However, in this superficial group if there is soil or debris con- 
tamination, the practice of primosecondary suture is best. As a matter of 
fact, the alignment obtained by this procedure is satisfactory enough even 
from a cosmetic standpoint. 

The Infected Wound. These are the cases in which the pus-producing 
organisms or others have already established themselves. The typical 
signs such as pain, redness, swelling and systemic symptoms exist, i^fost 
cases are of the combined staphylococcus-streptococcus group. Less 
frequent are such invaders as gas gangrene and tetanus. 
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Foe the usual case manifesting pus secretion and cellulitis the treat- 

(1) Provide exit for retained secretion by removing sutures if present 

(2) Apply wet dressings of 3 per cent sulfanilamide in water Keep 
these moist by attaching tubes to a resenoir, and keep them hot b) 

electric bulbs i . £ i u 

(3) When localization occurs, mcision is indicated only it and when 
(a) local fluctuation, (b) local induration and (c) local pain exist Let 
the incision be long enough and deep enough to provide self gaping 
For drainage use gauze only if bleeding is free or the edges have to be 
separated Soak this gauze m 3 per cent sulfanilamide in mineral oil 
Do not ram gauze into any wound, that is not surgery, it is taxidermy 
Do not incise alone for such symptoms as brawny induration, redness, 
red streaks or adenitis If we incise for these indications, we may in 
crease and not decrease the process, and what is more, we may produce 
a blood stream invasion by our effort 

(4) Give a sulfonamide by mouth, 15 gr every 4 hours for 3 days 
Gas gangrene involvement was treated at our Pearl Harbor formation 
by liberal debridement, repeated xray exposure and sulfanilamide in 
the wound and by mouth We used serum m only a few of out eleven 
cases All our rvounded recovered without re amputation, and in every 
case of this infection, sutures had been used Tetanus yields usually to 
serum but we must not forget that debridement and sulfanilamide locally 
and by mouth are necessary adjuncts 

In any infection, the combating and sustaining power of transfusion 
dominate the program 

Thus to sum up, we treat war wounds in terms of (l) Time, (2) 
soap and water cleansing, (3) debridement, (4) pnmo secondary or no 
suturing, (5) sulfonamides locally and mtemally, (6) adequate dress 
(7) careful redressings, (8^^ blood for shock anrL lufpjttino., on. 
secondary incisions except for localization, (10) debridement, sul 
fonamides and xray for gas gangrene, and (11) antiserum for tetanus 
Just a word or two regarding substitute for the proved by experience 
sulfonamides We are beginning to heat of the earth born derivatives 
called peitallm and gramicidin and these may prove in the future to be 
potent weapons in our surgical war But until these reinforcements 
atme, let us rely on the ammunition that continues to render such 
valiant aid— the lulfanamidei We should lake every advantage of these 
weapons that so effectively kill our germ enemies Let safely first be 
our guide, and to that end suspect every wound of being hostile until 
proof to the contrary is demonstrated 
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HEALING OF WOUNDS 

Jiy ilAJOll WARNER F. DOWERS. Mediccl Corps, U. S. Army 
Chif/ of General Siirfffry Section Station Hospitnl, Ft. Leonard Wood, Mo. 

Wound healing is a process whicli intimately concerns every surgeon 
but this fundamental subject has received only superficial consideration, 
for the most part, until very recently when the basic principles have 
begun to be more widely appreciated. This discussion attempts to epi- 
tomize the known facts from various angles, basic and clinical. 

of Wound Ilraling: 

As soon as a wound to tissue is sustained, serum and blood accumulate 
and coagulate in the wound space and to a lesser degree in the interstices 
between the surrounding uninjured cells. Into this damaged area, cellu- 
lar elements of the blood, wandering tissue cells and new capillary 
loops arc attracted. These capillary' loops make up granulation tissue 
which pulls the wound edges together as the fibroblasts mature. This 
briefly is the entire process of normal healing and it is dependent on 
certain fundamental phenomena, namely: ameboid movement of cells, 
mitotic proliferation of cells and maturation of cells engaged in fusion 
of wound surfaces. Ameboid movement of cells is stimulated by the 
presence of blood, tissue fluids and a large number of other substances. 
Inadetjuacy of oxygen and nutritive substances in the relatively ischemic 
border of the wound may cause tissue hunger and anoxia followed by 
cell division and ameboid activity of fibroblasts and endothelial buds. 
Immediately after tissue injury the lytic phase of wound healing begins 
and here the dead tissue elements are removed l.y phagocytes. This 
also is called the lag phase because reparative p.ocesses do not begin 
until toward the end of the lytic phase. Phagocytosis is followed by an 
influx of wandering connective tissue Cells and then proliferation of the 
invading fibroblasts begins. Now, two fundamental processes begin to 
operate. The stereotropic response of growing cells to surfaces causes 
the growing fibroblasts to elongate along the fibrils of the fibrin network 
in the coagulum filling the W'ound space just as epithelial cells show 
ameboid movement along plane surfaces of granulation tissue and be- 
neath crusts. This stereotropic response thus causes the fibroblasts to 
grow out and invade the wound space on the trellis of fibrin fibrils. A 
second factor which operates toward the same end is that of centrifugal 
force which directs growing cells away from their own kind and so into 
the plasma mass in the wound space. Endothelial buds also exhibit 
this phenomenon which may be an electrochemical mechanism; like cells 
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with hke surface charges tending to repel each other Wounds become 
firm as the maturing fibroblasts contract and surface epithelialization 
progresses The expected time of healuig of any wound readily can be 
computed mathematically using the Cartcll DuNouy’ formula which is 
calculated on the basis of surface area These computations also apply 
to the healing of granulating cavities such as those seen in empyema I 
have previously shown this to be the case in some unpublished work 
quoted by Carlson ® 

Systemic Conditions Influencing Wound Healing 

1 Tissue age whether adolescent normal adult senescent or de 
generated influences the rate of wound healing not only because young 
tissues heal most readily but because old tissues are apt to show vascular 
changes which retard healing 2 The state of hydration of the tissues 
as determined by water electrolyte and protein balance m the blood 
exerts a profound effect on wound healing and these factors will be 
discussed separately and m mote detail later 3 Normal nutritional 
balance is a somewhat vague term which probably covers the aggregate 
of many of the other factors which influence wound healing 4 Vitamm 
balance will be discussed in detail later and will be found to be one of 
the most fundamental but least known influences on wound healing 
5 The general state of circulation and blood picture influence wound 
healing as they affect the interchange of cellular and lonizable elements 
between normal and damaged tissues 

Local Factors Influencing Wound Healing 

1 There is a quantitative relationship between the amount of killed 
or damaged tissue in the wound and the time required for phagocytosis 
and repair 2 Vascularity of the tissues involved is of prime importance 
in wound healing Avascular tissues must depend on lymph spaces for 
interchange of nutritive and waste materials and since most authorities 
deny that lymph flows this interchange depends upon diffusion gradients 
foe exchange of lonizable substances and ameboid motion for ingress of 
cells 3 As a corollary to the preceding statement the local blood supply 
to the wound must be intact for no matter how vascular the tissue if the 
blood supply is jeopardized by trauma healing will be retarded in direct 
ratio 4 The amount and character of the exudate in the wound space 
and in the tissues bordering on the wound determine the rate of healing 
m large measure 5 The number and nature of the infectious organisms 
m the v>ound space and bordering tissues have a profound bearing on 
uound healing as infection throws an added burden on the reparative 


28 



Healing of Wounds 

mechanism. 6. The number and type of foreign bodies which must be 
encapsulated or extruded from the wound influence the rapidity of wound 
healing. 

Relation of Tisane Pli to Wound Healing 

Normal tissues preserve a neutral reaction by means of diffusion be- 
tween the blood stream and local tissue spaces. Injured tissue accumu- 
lates acid metabolites and the break-down of dead tissue also liberates 
split protein products which are acid in reaction. These factors influence 
the injured area and cause a shift in Ph toward the acid side. Menkin® 
shows tljat neutrophilic leucocytes are attracted to slightly acid areas 
and these cells therefore congregate in the injured area. If acidity ex- 
ceeds the optimum point, the neutrophilic leucocytes are killed and 
macrophages are attracted. If the macrophages are able to phagocytose 
enough dead tissue to decrease the acidity, the inflammatory reaction 
regresses but on the other hand, if the acidity increases, the macrophages 
also are killed and suppuration results. As the neutral stage is regained, 
such cells as the lymphocytes and plasma cells migrate to the site of 
reaction. From this discussion it seems that chemotaxis is largely respon- 
sible for the accumulation of the various cellular elements at the site 
of inflammatory reaction. 

Role of Vitamins in Wound Healing 

Vitamin A deficiency causes such clinical manifestations as night 
blindness, photophobia, dry skin, dry conjunctivae, blepharitis, follicular 
hyperkeratosis and numerous or severe infections. This latter may be 
of some importance in wound healing but such terms as "local tissue 
immunity” and "site of local lowered tissue resistance" usually are 
employed only to cover ignorance. About 35 to 50% of people show 
deficiency in Vitamin A by the photometric test; however this test is not 
generally accepted as accurate. About 12% of individuals show clinical 
deficiency of Vitamin A as evidenced by one or more of the previously ‘ 
mentioned clinical manifestations. 

Of the Vitamin B complex, Bl or thiamin chloride seems to be the 
only factor of importance in the healing process. Bl seems to be iden- 
tical with one of the components of the carboxylase enzyme system 
governing metabolism in nerve tissue. Tlierefore Vitamin Bl is of 
importance in the healing of injuries to nerve tissue. 

Vitamin C (ascorbic or cevitamic add) is the most essentia! vitamin 
in the healing process because intercellular substance in general and in 
the capillary bed in particular as well as the collagen of all fibrous tissue 
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of at least 600 cc and preferably 1000 cc The falling drop test measures 
the concentration of the blood and by the use of a simple chart, blood 
protein levels may be quickly read off. The McClure-Aldrich salt edema 
test depends on absorption of skin wheals of normal saline solution and 
the rapidity of absorption L an index of the tissue hunger for fluid 
and salt. 


KclalioJi of Electrolyte Balance to Wound Healing 

Sodium chloride is the most important electrolyte and is almost en- 
tirely responsible for the osmotic pressure of intercellular fluid. Accumu- 
lation of salt in the tissues attracts fluid, edema develops and edematous 
tissues do not heal properly because of altered pressure relationships 
and insufficient ingress and egress of materials. Decreased concentration 
of salt in the tissues causes a loss of fluid into the vessels with conse- 
quent tissue dehydration. Adequate fluid balance therefore depends on 
salt balance and both are very important in wound healing. 

Relation of Level of Proteincmia to Wound Healing 

Protein is the most important colloid clement of blood and as the 
quantitative level of blood protein is decreased, the osmotic pressure and 
diffusion gradient are so altered that fluid tends to leave the vessels and 
accumulate in the tissue spaces. Blood protein levels of lower than 
5 mgm % result in this type of edema. Deficiency of protein as well 
as edema, retard wound healing. Ravdin* has shown that abdominal 
wound disruption developed in over 70% of dogs operated upon in the 
presence of hypoproteinemia. There was little or no evidence of fibro- 
plasia in these cases up to two weeks after operation. On the other 
hand, a high protein diet speeds up wound healing and almost eliminates 
the lag phase. 

Relation of Metabolic Rale to Wound Healing 

Theoretically, an increase in basal metabolic rate should speed the 
healing process but such does not seem to be the case. Goiter incisions 
in patients with very high metabolic rates do not heal any more readily 
than other types of incisions about the neck. Routine administration of 
thyroid extract post-operatively to speed wound healing and increase 
the circulatory rate to prevent thrombophlebitis has been advocated but 
has not proven to be of value. 

Relation of Local Blood Flow !o Wound Healing 

Local blood flow brings in most of the cellular elements which are so 
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important in wound healing brings in nutritive elements and carries off 
metabolites In addition there is a very important mechanical factor to be 
considered If a large vein is damaged it should be ligated because the 
thin wall precludes suture and since veins usually are multiple sufficient 

Zred tr should be 

nrlhlel^ feasible but if this is impossible a very different physiological 
problem arises Blalock has shown that if a large artery is ligated^ its 
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gangrene and perforation even in the complete absence of bacterial 
infection. Wound healing in other tissues is slowed by increased pressure 
or tissue tension because of reduction in blood flow or hindrance to 
physico-chemical processes. Brooks^® showed that the period of viability 
of tissues rendered completely anemic by pressure is remarkably constant 
at 18 hours. The time element seems to be much more important than 
the degree of pressure because very low pressures may cause gangrene if 
applied constantly over a long period of time. Edema or external ap- 
pliances may exert sufficient pressure to cause tissue damage and mild 
degrees of damage heal by fibrosis which in such cases as Volkman’s 
contracture, may lead to serious dysfunction. 

Immobilization and Elevation in the Treatment of Wounds 

Immobilization is a well established principle in the treatment of frac- 
tures but its benefits in soft tissue wounds are not so generally appreci- 
ated. Complete immobilization in soft tissue injuries not only facilitates 
healing but relieves pain, prevents deforming contractures and facilitates 
nursing care. Immobilization for soft tissue wounds was used extensively 
in the late Spanish war and has been exhaustively discussed by Trueta 
and others. 

Elevation of the injured part makes use of the force of gravity to aid 
in return of blood and lymph from the site of injury and is an extremely 
important mechanical principle. The fundamental question as to whether 
the inflammatory reaction to healing and infection is the result of bac- 
terial action or is a defense mechanism on the part of the host, has never 
been satisfactorily answered. If the former, then treatment should com- 
bat the reaction and if the latter, therapeutic measures should augment 
the reaction. Edema fluid is said to contain anti-bodies and swelling 
may occlude tissue spaces and inhibit bacterial spread. On the other 
hand, edema increases pain, decreases circulation, slows healing and may 
provide a fluid medium through which bacteria disseminate. Elevation 
of the affected part definitely reduces inflammatory edema and makes 
the patient more comfortable. Healing is facilitated but there are t%vo 
dangers connected with the use of elevation. 1. Elevation of the lower 
extremity puts an extra load on the vascular system because blood does 
not flow up hill without work. Particularly in older patients, the angle 
of circulatory efficienq' must be waldied closely. The toes of elevated 
extremities should be checked repeatedly for drop in temperature and 
the vessels must be palpated for adequate circulation. I have seen a 
number of cases of gangrene develop from excessive ele\'ation of the 
leg in young persons. 2. Elevation causes pus to settle by gravity and 
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travel along fascial planes tossard the trunk I Insc seen several huge 
gravitational abscesses develop under casts applied with the leg in cleva 
lion where the abscess was some distance proximal to the original infee 
tion The papers of Wangensteen" disaiss the factors of immobilisation 
and elevation in the treatment of wounds in considerable detail 
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there are definite areas of tissue on all sides of the injury which subse- 
quently w'ili die as a result of the concussion. Therefore, it is important 
for the surgeon to know what type of projectile caused the injury in order 
to determine how' much tissue to remove. Poor judgment in this matter 
may seriously affect subsequent healing. 

Antiseptics in Infection ami Wound Healing 

Afany kinds of saprophytic bacteria and higher organisms live on tJiC 
normal human skin, the number and kind depending on the environment 
and the degree of personal hygiene of the individual. A clean skin 
usually shows 12 staphylococci or diphtheroids per square centimeter. 
Other common organisms in addition to fungi are spore formers, the 
colon group, and bacillus Proteus. This indicates that all wounds are at 
least potentially contaminated but simple flushing of wounds with 
saline solution or soap and water usually suffices to remove these non- 
pathogenic organisms. However, from time immemorial, men have 
searched for the magic colored solution which will kill bacteria but not 
harm tissues. Notwithstanding the expensive and varicolored solutions 
on the market today, such a desideratum has not yet been attained. The 
practice of pouring these solutions into defenseless wounds simply in- 
creases the tissue burden and should be discontinued. Novak^" showed 
that all common alcoholic antiseptics kill 96 to 99% of skin organisms 
but 50% alcohol plus 10% acetone alone kills 97%. It therefore seems 
irrational to pay $10 a gallon for certain commercial solutions. Novak 
made up a solution of .5% creso! and .07% bichloride of mercury in 
50% alcohol and 10% acetone solution. This solution kills 100% of 
diphtheroids, 99.6% of staphylococci, costs but 60 cents a gallon and 
has been successfully used clinically for at least three years at the Uni- 
versity of Minnesota General Hospital. Novak solution has been used 
for skin preparation at the Station Hospital, Ft. Leonard Wood, Mo., 
since the hospital opened on May 3, 1941, with an extremely low 
incidence of wound infections. 

Treatment of Infected Wounds 

The fact that such a large number of agents have been recommended 
for the treatment of infected wounds indicates th?t the ideal method 
has not been discovered. However, it is well to bear in mind the out- 
standing points in the use of these various substances. 

Dakimzathu. Dakin’s solution is an aqueous bu/Tered solution of 
sodium hypochlorite which liberates chlorine. Chlorine has the effect of 
liquefying fibrin, dissolving dead tissue, killing bacteria and therefore is 
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beneficial m any infected ccound The solution has the disadvantages of 
rapid deterioration, short action, objectionable odor and requires an 
elaborate system of bottles and tubes for proper use Dakin’s solution 
dissolves the cormfied layers of normal skin and therefore the area 
around the wound must be protected by vaseline gauze The solution 
will sterilize a wound in dS hours if correctly used and will transform 
pus into a transparent, mucinous substance will, only a slight chlorine 
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lowered oxygen tension and grow well in symbiosis because one organism 
uses up oxygen thus making an anaerobic medium for the other. A 
microaerophilic streptococcus is such an organism and cause a gangrenous 
spreading infection. One means of treatment is debridement followed 
by the application of a substance which breaks down to liberate oxygen. 
Jvleleny has popularized the use of zinc peroxide in such cases. This 
agent comes in powder form which is sterilized and then made into 
a thin paste with sterile water. The wound then is filled with paste- 
saturated sponges and a large air-tight dressing is applied to inhibit 
evaporation and to prevent the rapid escape of oxygen. 

Chloroph)ll. Various vegetable substances recently have been advo- 
cated for use in treatment of infected wounds. Of these, chlorophylP* 
has received the widest trial. Chlorophyll inhibits bacterial growth ap- 
parently by preventing bacterial enzymic digestion of cell membranes. It 
is used in aqueous solution or in an oily base for suppositories or oint- 
ments. It may be given intravenously, by mouth or may be used as an 
irrigating fluid. Chlorophyll cleans up the wound and stimulates granu- 
lation tissue. It has had extensive clinical trial in such cases as wound 
infections, empyema, fistulae, deep abscesses, acute infections of the 
nose, throat and ear, male and female urinary tract infections. This 
substance should be cheap, easy to prepare and almost universally present. 
It is interesting to speculate as to what role the vitamins in green vege- 
tation may play in the healing effect of aqueous extracts. 

Barberry. Folk lore remedies which have stood the test of time 
deserve scientific investigation in order to isolate whatever specific prin- 
ciple may be present. One example of such work is the recent investiga- 
tion of barberry by Dick.’® Barl^rry has been widely used for centuries 
by aborigines as an infusion to cure surface infections and gonorrhea. 
Experimental work shows the effective agent to be berberine which in 1 % 
solution kills erysipelas streptococci m 8 hours. Ciim'cally, berberine has 
been successfully used in wound infections, decubitus and varicose ulcers 
and mouth infections. It is dangerous when administered intravenously. 

Pec//». Anotlier folk remedy of proven worth is the apple diet for 
infantile diarrhea. The effective agent now is known to be pectin which 
is found to be bacteriostatic in aqueous solution and stimulating to 
granulation tissue. Tompkins’* and others have shown its worth in the 
treatment of various wound infections. 

S/t/con. The use of silicon in the treatment of wounds has a very 
interesting background. Mountain dwellers of Virginia have a tradition 
that eating sand will cause peptic ulcers to cease bleeding and this led 
to an investigation of silicon. It is known that silicon in the lung causes 
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intense fibrosis of the pulmonar) tissue ind Gardner has shown that this 
IS m inverse ratio to the size of the particles of silicon It seems cstab 
lished then that silicon promotes fibrosis and the idea that silicon might 
cause wounds to fibrose was given a clinical trial uith striking results 
Silicon was ground to the finest powder and used in all tipcs of wounds 
an u cers with prompt healing Silicon was given bj mouth for bleeding 
ulcers and by q’stoscope for bleeding tumors with cnuallv good results 
saw these cases demonstrated in the Department of Surgery at the 
knri'? ‘'“P') ™pressed but to my 

elevlhon®! ,h 7“^ 7^7 7“ ““e to shov! 

able results in woundtealmg 

IS a f caused by Cl Welchn 

.sms «ra7ir„t:e:a;:^:::;:rrT^^ 

dreaded because the gas generated V .1 is mach 

along tissue planes and nl^ ^ organisms rapidl) spre-ds 

has shown a 35% incidence orci'^'w'l'! Manson 

this has given iTnduc alarm In mdolent leg ulcers and 

cases of diabetic or arteriosclern?^''’' surgeons doing amputations in 
Kennedy and P' have shown lal T8|‘‘T" n “ P"'’''*'’'*' 

tion and at the site of amputation wf" ^ ^ cultures made at opera 

.sms but in no case was Ltigas serum7‘"'' 7 °'fisn 

gangrene develop This given and in no case did gas 

f°™ersarere,at;elyno„pa,h7^^^^^^^^^^ “f ‘hese gas 

ing to the criteria we laid down f amputation is done accord 

than usual percent of ca^ plrm”! ■" a higher 

massive doses of antitoxin but Its valu'e',L®“ gangrene was treated by 

of foreign protein sensitization is nrcat 7 .danger 

tissues has been used with some snr^ u *”l...-‘'on of oxygen into the 
seems to be with the x ray or the I,S,T7 7 beneficial treatment 
caused by Bacillus lelani also a 1,7 ““ ^Ifanilamide Tetanus is 
mertahty rate There is nothing cause of a high 

but It IS suggested that zinc pnoxide '''“‘ment of this disease 

derivatives give enough pronuse to w-,’'”’' ‘’’"“PP sulfonamide 
n-er to the problem may l,e 1 '"vestigative work One 

'“xT ”? ”®=°a™lmg™phlkctic 

in the treatment 

* has been suggested that bl u'l^Tthf “r " “p 

treatment of war 
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wounds. Keating and Davis'* suggest that portable x-ray therapy units 
be placed with mobile Surgical Hospitals which already have power plants 
mounted on trucks. All dirty wounds would be treated within four 
hours after injury. This procedure is not to be recommended for three 
reasons; 1. Slight overdosage of x-ray therapy delays wound healing 
and may cause other well-known and more serious consequences. X-ray 
therapy given in all Surgical Hospitals would require many more trained 
radiologists than are available. 2. Not only is there danger of over- 
dosage at one sitting but it is quite Jikely that in the rush of battle 
evacuation, records might not be completed so that patients might be 
treated tu’ice. Such mistakes are not entirely beyond the bounds of possi- 
bility. 3. Local implantation of sulfanilamide is so astonishingly success- 
ful in combating wound infection that it should not be discarded in favor 
of x-ray therapy and most authorities state that the two modes of treat- 
ment should not be employed in the same case. 

Stdfonamide Drugs. Sulfanilamide and its derivatives seem to act as 
bacteriostatics by virtue of their power to prevent bacterial cells from 
utilizing oxj’gen. Sulfapyridine was introduced to combat staphylococci 
but it is relatively insoluble, gives a higher incidence of gastro-intestinal 
upsets and now is little used. Sulfathiazole is well tolerated by mouth, in 
solution in cod liver oil or in ointment form. Excellent results have 
been reported from its use in carbuncles, operative wound infections, 
decubitus ulcers, corneal ulcers, chronic osteomyelitis, empyema and 
subcutaneous abscesses.'® However, sulfathiazole is less soluble than the 
original sulfanilamide which is preferred for local implantation. 

Local implantation of sulfanilamide crystals was first used in com- 
pound fractures by Jensen®® who reduced the previous incidence of severe 
infections from 25% to nearly zero. Implantation gives a local con- 
centration up to 800 mgm % as compared with 10 mgm % which is 
attained with difficulty by oral administration of the drug. This con- 
centration is so great that all organisms are affected, regardless of whether 
or not sulfanilamide Is specific for them. Saturated solutions of the drug 
may be used to irrigate infected cavities with excellent results. Local 
implantation of sulfanilamide around complicated gastro-intestinal anas- 
tomoses®' has greatly reduced the mortality and its use free in the 
peritoneal cavity in cases of peritonitis has been beneficial. 

It is to be remembered, however, that sulfanilamide is absorbed with 
great rapidity from the peritoneal cavity, its maximum blood level often 
being reached in 15 minutes after implantation. For this reason, the liver 
may be fatally damaged unless care is taken to use no more than 5 grams 
of the drug. I have seen three patients die of toxic hepatitis following 
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the intrapentoneal introduction o£ 10 grams of the drug It is sug 
gested that eveiy soldier be furnished with 5 gram ampules of sul 
fanilamide with instructions to break one and pour the contents into 
a wound whatever the site as soon as incurred The question of having 
the soldier begin oral administration of the drug or one of rts derivatives 
also immediately after injury should receive earnest consideration 


Summary 

Bmphysical mechanical chemical and bacterial factors are briefly 
considered as they relate to wound healing The use of various and 
diverse substances in the treatment of infected wounds is discussed and 

wor::,; b^r^u"' “-^«^t,ve 
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THE TREATMENT OF WAR BURNS 

By SURGEON REAR-ADMIRAL CECIL P. G. WAKELEY, C.B.. D.Sc., 
F.R.C.S., F.R.S.E., F.R.A.S.C., P.A.C.S., Royal Naval Hospital 
Hants, England 

Burns and scalds form probably the earliest wounds treated by man- 
kind. They have been known in ancient methods of warfare, and have 
formed quite a high casualty list in modern campaigns. Yet, never until 
the present conflict have burns and scalds been so numerous. There 
are many reasons for this great increase. First, the present war as the 
Germans are waging it, is a total war, and the bombing attacks are 
indiscriminate, and therefore the civil population, often women and chil- 
dren, may suffer the most. Second, the greatly extended use of mechani- 
cal transport with its oil fuel has been responsible for an increase in 
burns and scalds among the general public. Third, on the Navy, Army 
and Air Force, with their greatly extended use of petrol, and the fact 
that dive bombing on the warship and tank is a common procedure, the 
casualties due to burns have multiplied. 

In the war of 1914-18 a large proportion of burns in the fighting 
services were caused by cordite, largely due to backflash down the ammu- 
nition shafts of fighting ships. ITiis cause has been eliminated for all 
practical purposes in this war, owing to the fact that with the present 
mechanical arrangements, backflash is now impossible, and so cordite 
burns are rare. The common causes of burns and scalds as seen in the 
present war are petrol, burning oil, phosphorus pipes, electric burns due 
to severed cables or short circuits. Quite a number of bad burns have 
occurred among the fire fighting personnel, due to the intensive heat of 
burning buildings ignited by incendiary bombs. In a large collection 
of cases burns and scalds are the only injury present, yet on the other 
hand, there are always a nonther of cases both among the civilian 
population and in the fighting services, where the burns are complicated 
by open wounds or fractures. However in quite a proportion of burns 
in the Royal Navy the commonest complication is blast lung a condi- 
tion which varies from a triviality to a most serious and fatal manifesta- 
tion. Another complication which is not too well-known is fat embolism; 
this is found to be present in 40 per cent of burn cases which have 
proved fatal. 

In times of peace the treatment of bums is quite standardized and 
straightforward, and most of the cases receive hospital treatment within 
one hour of the accident; therefore the results should be better and the 
mortality lower than those treated under war conditions. Again burns 
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ind scalds m peacetime are frequently the only lesion to be treated 
while in modern warfare there ate often associated injuries In this war 
there is the added complication of blast injuries both in civilian and 
service burns, because so many ate caused by bomb flash 

During the last fifteen years much research has taken place concerning 
burns This was initiated by Davidson, of Detroit, in 1925, who intro 
duced tannic acid in the treatment of burns The coagulation of the 
burnt area by tannic acid reduced the mortality of burns enormously, 
and prior to the war was universally used for all cases with great sue 
cess However, under war conditions burns do not always get immediate 
attention and sepsis is a very common complication 

Classification of Burns 

vera, red and painf'u", ‘ s expoti Wol 

wera,\“ fof LtteCtu^^ “ " 

sensitive nerve terminals, are'laid^bLTrnTV7'“‘’'"® 
this IS the most painful form of burn The dee,!'^ 

VIZ, the sweat and sebaceous nland.^j ? 

destroyed, so that although the^irface d"'^ n°t 

comes covered with grafulations since ther® 

epithelial elements from which it can o ' ” ™‘“’y surviving 

rapidly replaced The cuticle is able to f ' ‘s very 

as must occur whenever the whole of th °'*'y 

but from innumerable foci scattered „ 'Envelope is destroyed, 

tesnlling scar, though often wSe a™”'’ The 

It IS supple and elastic from containmg all tL T*'So=s no contraction. 

In the degree the whole thrclmesfo rt, *■= ‘"o 

as well as part of the subcutaneous hssnes^ *e ■ntegumenl is destroyed 
a so involved whilst in the r«ru,e whl " k' ““^es Le 

“-P «''y charted and disorgamael ' ” ““-'c affected part 

While this classification has been 

inrjttL't" “ ''‘f -“'■ccsle a"' tm® 

the SKma “"'cc degrees ihe^ “ fschcal standpoint 
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tion, the third degree causing destruction of the whole skin and possibly 
some or ail of the deeper tissues. 

The treatment of burns is in reality a threefold problem. First, the 
saving of life; second, the local treatment of the burned areas; and third, 
tJie preservation of function of the parts involved. 

In every case of burns there is always some shock present and this 
must be dealt with before any form of local treatment is attempted. 

Trcalnieni of Shock 


This consists in the early administration of morphia in adequate 
doses. Men require % gf- and this should be repeated if pain is not 

”r 
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Fig. 1.— Dried human serum. Each hottle contains the dried solids from 
200 c.c. of human serum. Solution-. To reconstitute add under sterile precautions 
nonpyogenic sterile distilled water; he.. B.P. distilled water autoclaved immedi- 
ately after distillation. The levels for the 

bottle should be filled are indicated on the side of the ^ 

times normal concentration takes about surty minutes, at 
about ten minutes. With concentrated solutions,^ 
no, exceed 50 c.e. in ten minutes.. ^tS'jrbCd gJrapsS 


A, but experience has shown that it can he given to all . 

(Preliminary tvninff is therefore not required.) The serum must be given very 
sWt/irXT , /S infection ha* occurred during (he reconstitu. 

of the label indicates twice normal concen- 
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relieved Warmth and rest are just as essential as the relief of pain and 
can be easily given under most conditions Shock cradles and electric 
blankets are most useful in warming up shocked patients Fluids bv 
mouth should be encouraged but in extensive burns this is not sufficient 
in Itself to make up for the plasma lost from the surface of the burnt 
area and for that which accumulates in the tissues By animal experiment 
has been shown that this plasma loss is greatest in third degree burns, 
and amounts to over 70 per cent of the total blood volume in cases in 
which one sixth of the body surface has been burnt 

of the concentLion of IS^m m \h p asr^tef ! 
mon to find that the hemoclobm 

burns m the Royal Navy The extensne 

constituted serum has reduced th titrated plasma and re 

ably Dried serl can t" “--J" 

readily he converted into fluid by the aLT'***c 
of distilled water The reconstituted ‘be requisite amount 

tr^on. twice normal conc'^^t „r concen 

(Fig 1) ‘^ncentrahon or four times normal concentration 

recommends the giving of olasma should be given Wjtts 

10 per cent ahteihe 

plasma loss can be calculated from the formJia 
H6 R 


100 J^x 


Plasma of the calculated 
later by slow continuous 

Using the above formula Black haf^ loss by exudation 
plasma vc ume reduction, this has proved of l" I'’'' “‘““fon of 
have had to treat a large number of slnou” n ‘bose who 

For those cases in which shock 

botmone (corlin) 2 cc should be g.ven'rope"edT"°“/‘‘'“^‘ “«‘“l 
S cepeaiedly. and oxygen admin 
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istered by a Boothby mask enables the patient to obtain this in the 
alveolar air. In cases which are complicated by "blast lung" this form 
of administering oxygen is most advantageous. In the Navy, where 
Boothby masks have been in use for all badly shocked burn cases, their 
value has been inestimable. 

TAIILE 


//eJHopIobiH 

Haldane 

Zitoofi Voiiimc 
(Liters) 

Plasma Volume 
(Liters) 

Estimated Deficit 
tn Plasma Volume 
(e.c.) 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

5.0 

4.75 

4.55 

4.35 

4.15 

4.0 

3.85 

3.7 

3.55 

3.45 

3.35 

3.0 

2.75 

2.55 

2.35 

2.15 

2.0 

1.85 

1.7 

1.65 

1.45 

1.35 

250 

450 

650 

850 

1,000 

1,150 

1,300 

1,450 

1,550 

1,650 




P,V,/ Aid Treatment until antishock measures nave pec.. 

any ..al — ^^^tarf 
ortin:rr^t:i:r^^b— 

cated jellies which " ^trje fy! or tannax, all 

Gentian violet and '""“•'lolate. amertan e y, 

have their advocates, but ray preference rs J Pf 

The jelly should be liberally appl.ed O" ^^/uTd bf fewmrns 

which are then placed over the burnt patient 

of a bandage. This first-aid dressing can be left jnj'to 

teaches hospital unless „ gums of the face, although 

then they should be retanned with the je y probably better 

the gentian violet only an antiseptic but has a high 

treated with cod-hver oil, castor oil containing 


vitamin content. If the j 

1 per cent cocaine should be instil 

In those cases in which ^'“"“^i^^/-ou7shouM'"be applied to the 
wound or a fracture, the gen extremities are involved and corn- 


wound or a ^ jf ^'e Ltremities are involved and corn- 

wound as well as to the burn. .l-uIH be put up in plaster of Pans 

pound fractures ate present, liberally dressed with the 

after the wound and burnt are 
gentian violet jelly. 
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Ilosj /I tl 7 Tc tincni — Sonic ciscs of burns uill irrjsc in liospit j! aficr 
first ajJ trcalmciit Ins bcrn ratticil inn «|,ilc iillicrts will lie ailmillcj 
without an) trcitmciit liasiiii, lictn picii 'viiiic Nnil uses line ar 
rived on bovrd liospitil ships hiving S|ieiit some lime iii the sea after 
Instil^ been hutnt iiid hive siilltresi little from sIiixK or pun ami after 
lotil treatment to the burnt iters liisc initic esselleiit tevovenes The 
experience grilled from r miinber of siiib casts Ins convinced man) 
medical oflitcrs of the gtt it value of siliiic drcsvings especiallv in the 
rrt itinent of burns of the f itc ind ban Is but it is essential that the 
saline dressings ire kept moist 

The local treitinent of wrr burns dcni inds the strictest iseptic precaii 
ions or sepsis vwll occur Ibe surgeon should weir r sterile gown mas! 

houuT'i 'l 

I bis s he , le /'om each other b) ..lass or mica partitions 

firm the work of Aldrich in I?}} Tod it^sT ‘’ 0 '“'““""’ f**"! 
triple dye method of ^ reasons that the 

treatment of war burns ' ®''”’ "'en) methods of 

Triplr-Ds. Mithod 

The patient should be ancstheti?^? « •»! * 

and blistered skin should be cut aua> and the ^ 

warm saline solution The burnt -.J ''ound area suabbed uith 

doer aod an a<,ueous sotertn c-f Zl'e^d r,f 
1 per cent brilliant creen o 1 rvr il* ^ gentian Molct 

on the surface (Fig 2) ^ neutral acrifla\ine) is sprayed 

'vLX LTroplS"”'™ “PI’"'*' "fi'ch turn ,s 
mce thin supple tan whmh is q^e adhe"™'" ^ 

appears around the edges of the I„ m ''")-"here and no seps.s 
evident owing to inefficient cleansme and 

- 1 -” 
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patient Nuth the exception of the head is shrouded with a hot air cradle 
Each da) the tan is inspected and an> moist areas receive another ap 
plication of the triple d)C Usually b> the end of ten days the tan be 




FJO 3_lfelhocl of irymg Ibo tnpl.dyo solut.oo by means of «n eleetr.e ha.r 

dryer 

A1 
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comes quite loose and falls off leasing a healed wound (Tigs A and 5) 
If the burn has been extensive and of the third degree, healing will not 
have taken place but a large granulating area will be exposed after the 
tan IS removed This area should he treated with a saline dressing for 
a day and then skin grafted Tlieie are still mo man) cases of burns 
uhich ate alloued to heal b% gianiilalion iiilh ns siibseqiieiit keloidal 
and fdnous tissue foiniition On the hacks of the hands and fingers in 
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no 5— Bomb tlosh burn ot taco ton 

Same ca<t an shown m rag ** 


Treated with triple dye 


that £ullj tt^oth.rds of the bod) sulfur 
method of sulfur replacement is b> a liberal die o gg 
not be token dur.ng the sulfanilamide treatment 
Tnnnic Acid Ircolinciit 

This treatment should not be given until J “dt.trt 

The actual cleansing of the burnt area ’ .tnlution the area is 

the triple d)e is applied After cleaning ^ d„ed 

dried and 1 or 2 per cent gentian violet is “PP"= 5 

b) a current of hot air (torn m solution of silver 

tannic acid is then applied followed by , . P . j by this method 
nitrate (Tig 6) A firm hard ton 'S luickl, P „„ the 

and It IS suitable for burns of the trun ,p yo Numerous 

hands or face ovsing to the bad ample evi 

cases which have occurred in the pres „j„t,U,ni applied to the 

dence that under the unyielding ^ ^ J seriously em 

hand and fingers an ^ ,th thf production of crippling 

barrasses the circulation in the nnge treatment and 

deformities (Figs 8 and 9) This « the result of 

not of the burn , . p ij affected area should 

After the application of the tannic ac pen^jed or splinted The 

be kept at rest and the limbs should be suspended P 
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parent is nuxsed in a tented bed containing heating elements and great 
care should be taken to maintain a dry, unbroken surface 

As a rule minor degrees of sepsis can be controlled by gentian violet 
sprayed on the affected areas after removal of the overlying crust, but if 
the entire surface becomes infected the tan must be removed by soaking 
■with saline solution or in a salme bath Retanning should never be under 
taken In third degree burns of large area skin grafting must be per 
formed if scarring is to be prevented ' 

In the Royal Navy and in the Royal Air Force a large proportion 
of burns are limited to the hands and face as the clothing protects the 
rest of the body It is very essential that full functional results should 
be obtained without scarring otherwise a considerable proportion of 
valuable personnel would be invalided from these Services 
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Bums of the Hoods —There can be no doubt whiter er *at the best 
prehminar) dressing for burns of the hands is a saline bath The han s 
should be immersed in a bath twice a day and the patient »“uraged o 
more his fingers in the bath A saline pack ,s applied t>fter the bath 
and this IS kept moist and allowed to fall off in the neat « me bath 
By such a process trauma is reduced to a minimum and *ere i no pain 
from changing the dressings After three or four days of this treatinent 
mpTe die fs used and when this begins to loosen in ten or twelve days 





l I - ' ' * ij Note the attenu 

; 7— Third degree huinof the hand treateJwU^ta „nyjeldmg tan 

ated fingers and fixed fiexm ^ 

e burnt area will be found completely healed j„d so 

Saline packs however cannot have to be treated tvith a 

e majority of cases of burns of the an obtained from this 

:nlian violet jelly, excellent results have .,ho 

eatmenl Many a time we have seen me bj a 

ive been bombed at sea and burnt «>ber > days after the 

irst steam pipe in the engine room, arr 
<1 
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attack. The prompt use of gentian violet jelly and its repeated applica- 
tion has allowed these members of the cresv to carry on with their work 
until they reach port. 

Burns of the third degree in which the whole thickness of the skin is 
destroyed, should be treated with saline baths if possible and then early 
skm grafting. Sepsis must be eliminated at all cost because of the 
contractures that ate bound to follow. An excellent dressing for burnt 
hands IS "tulle gras" or "jelonef or "nonad tulle"; all these are made 
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shcht dorsiHexion of the wrist and slight flexion of the fingers Two oi 
three saline baths arc given each day and the dressings are allowed to 
float off in the bath thus causing no pain to the patient or trauma to the 

healinc \\ound , . , , i 

If the burn has destroyed the whole thickness of the skin then skm 
grafting should be undertaken without delay otherwise contractures and 



Fig 13 —Mixed burn of face treated ''‘‘{J 

"T'^V it IS very important that the n=wl, 

After healing has taken place it i ; this end some lano 

formed skin should be adequately nouns ^ “ natural ^\ool fat bas a 
hne IS rubbed into the area ever) night thicker and more sup 

'\onderful effect on the skin, it causes it to treatment of 

pie and increases its blood supply It is a pi ^ „ inunction of lanohne 
burns has been so neglected in this healing of the 

should be continued for fully three months atte 
burnt area if good results are to be obtaine 
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After the envelope has been applied irrigation with hypochlorites is 
given twice or three times a day (Figs 14 and 15) Between irrigations 
the wound is left undisturbed This method has some definite advantages 
in the treatment of war burns They are 

1 It can be easily and quickly applied 

2 The treatment is painless, there are no dressings, and the patients 

do not lose confidence or become depressed ^ 

3 Rapid epithehalization takes place and can be seen through the 

riT sal' ^ performed at any time after irrfgation 

"ilh saline solution instead of hypochlorites ^ 

fear^o/pam'"''''”'" movement of the limb without the 

5 In the difficult cases where fractures exist as well as burns this 

fr:ct:tesTL';redtcc4w“'“ 

area^oHrL'rrafrext^^tiS^'su^JhV '"7 

mediately m hospital should ^ treated im 

saline bath The whole bndv ^ continuous constant temperature 

cent saline T ^ with 0 9 per 

thermostat The patients leTirt^ ^ 

fully removed to a heated tented h A 

with a layer of tulle ^ «vered 

gauze rolls The gauze should be fie warm wet saline 

tion so that the dressing never becomeT^* ^ moistened with saline solu 
and service hospitals have installed the< Q^'te a number of the cisil 
they have proved of real importance^ 

burns, especially those m which ih« u i ^ treatment of extensive 
volved When the burnt al^ the skin is in 

then the baths can be discontinued andTh7"* T* f'SSue 

Der/rrrul S„r,„__These arc not " <>" 

due to broken cables, short circuits a777h“''’‘l' *"> 
fire or bombing attacks While a certain il*'" '“““'"g from gun 

prose fatal yet a large number riSv” ?f 7, " ^“rn 

dequatel, The appearance and “I nf , '» ‘reated 

the shape c the object carrying Z ”, '=""5 will vary with 

cirrular or elliptical areas (rTg but usually they are 

grajish white, with a slightly of the burnt areas ,s 
no surrounding area of hjpere^I ^ " ‘''^Pressed center Ld 

papilhr, lines oier the aiakr^r™ ““P''‘e obliteration 
53 ^ occupy By fae ,he best treat 



The Treatment of War Burns 

ment for these electrical burns is exasion and full thickness skin graft 
ing Small electric burns require nothing more than the application 
of some gentian violet jellj 

Dtimg Due to Clientical Warfare 

1 Mustard gas burns are very insidious and take a long time to heal 
so causing a long incapacity on the part of the patient During the 
last uar mustard gas uas the most effective chemical agent used and it 
was a great casualty producer It may be that in this war this gas will 



Fig 16 — Laige electrical burn of the anterior surface of the elbow This was 
excise 1 'ind skin grafted 

be used m the form of a spray from low fljnng aircraft Afustard gas 
m the pure stite is a clear oily fluid with a slight mustard like odor 
It has great powers of penetration and will soak through clothes and 
boots and cause a burn On the skm the liquid mustard gas is not im 
medntel) painful and during the interim period before pam is caused 
the liquid penetrates the tissues rapidly yet it may be some hours before 
an actual burn is seen clmicallv and marked itching ensues There is 


59 



IKrff Miiiicine 




1 t 

Fig 17 — Phosphorus 
burn of face Appear 
ance on admission to 
hospital 


—Phosphorus 
burn of face a week 
after injury Same 
case as shown in Fig 
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no absorption of the liquid into the general circulation and primary 
shock IS absent During the first twenty four hours a large blister forms 
at the periphery of the burn and if not incised will burst of its own 
accord In the absence of sepsis there is little constitutional disturbance 
but if sepsis does occur it ma) be very severe Treatment of course de 
mands the complete decontamination of the patient including the burn 



Fig 19 — Phosphorus burn of face three weeks after injury showing complete 
heal ng Same case as sho vn n F gs 17 and 18 

The clothing must be removed and the whole body should be washed 
thoroughly with bleaching powder solution (60 gr to a pint) The burn 
area is then dried and treated with gentian violet jell) or triple dje 
Healing is slow and sometimes as long as six or eight weeks elapse before 
sound healing has occurred 

2 Liquid leivmte hums may occur as separate entities or the) ma) 
result from a mixture of mustard gas and lewisite Lewisite is a heav) 
oil which IS both a lung irritant and a vesicant Penetration of the skin 
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b> le%\isite IS much more rapid than that of mustard gas Erythema 
of the skin after a lewisite burn appears within thirt) minutes and 
vesication is deaeloped within twehe hours The lewisite blister is more 
sharply defined than that caused by mustard gas and contains an opaque 
fluid in contradistinction to the clear limpid fluid found in the mustard 
gas blister Treatment consists m complete decontamination as with 
mustard gas and a hot bath H)drogen peroxide should be applied to 
the burn area followed by triple d)e 





case aaTho';S"„ 


3 Phosphoi us Bums A cfn'^ii » 

treated in the present war they tesult"fm ”,i? ^ e'"* 
ombs containing phosphorus Some are '' ^“*'*'tish of incendiar) 
small and due to the presence of a franm , whereas others are 

stance (Figs 17 18 19) Such sma^ “"“""'"S >his sub 

« the phosphorus continues its thelmal "art " 
first aid treatment a solution of 2 Z ™ “-e tissues As a 

applied this combines with the pWnh to 

hemical substance » preventing ai^ SH 
sulfate solution has been cleafed off After the copper 

sprajed on the burnt area some triple dye is 
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n 



Tva. 12.. — ■?«. 
after injury, showing attenuated skin 
with engorged bJood vessels. Skin gratt- 
ing should have been performed in this 
case. 



deformity. 
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4 Crude Aad and Alkali Burns — h fair proportion of burns due to 
strong acids or alkalies ha\e been caused because of the repeated bomb 
mg of factories in this war In a senes of cases seen by me the patients 
were treated b> immersion in running water followed by the application 
of triple d)e (Figs 20 and 21) In almost every case it is the hands 
and face that are burnt because the clothing itself is protective 

5 Phosgene Burns — These are quite superficial and cause an 
erythema or brown staining but are quite insignificant in comparison 
to the rapid!) fatal s)ncope produced by this gas 




The Trealmenl of Wor Bums 

The odor of phosgene is quite characteristic and resembles that of 
neu mow n haj , and when recognized a gas mask, should be put on at once 
and the recumbent position immediately adopted The burn dself shoul 



Fia 25 -AutiOnsh outfit indud.ue a u. raank 
be treated with sodium bicarlxinate solution (3j. ad Q) and then drie 
after which gentian violet jelly can “PP _ ^ "follow 

W Assessusem of IKnr f ‘.fhLpitals as is the 

:::rth^eTsuTon:^— p-- 
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hospital and ytt m six months time the newly formed skin may have be 
come keloidal and contractures may have taken place (Figs 22, 23, 24) 
Further, the patient ma} be able to do his full work during the warm 
summer months, but in the cold of the winter the thin skin of the backs 
of the hands or the ears may crack and fissure and chilblains may form 
thereon, necessitating treatment and even invaliding from one of the 
fighting forces This is a serious and significant point as men of the 



Fio 26 Antillash outflt tor tonal protMtion th« goggles and mask are held 
in place by elastic bands 





The Treatmeut of M’^ar Burns 

fighting semces may have to go into cold climates, and in the Navy be 
exposed to bitter u’inds and rapid changes of temperature. 

Protection Against Burns. — In the Koyal Navy and jn the Royal Air 
Force the vast majority of war burns involve the face and hands. In 
the Royal Navy this important fact has been appreciated since the battle 
of Jutland in 1916. At the present time an antiffash clothing for the 
head and hands is now sen.’ed out to every fighting ship for the use 
of officers and men who are exposed to gun-llash or bomb-flash, and has 
resulted in a marked reduction in the number of burns. Tin's outfit 
(Figs. 5. 26, 27) can be used in conjunction with a gas mask and is 
simple and easy in its application and does not impede the usefulness of 
the men at action stations. 
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AN EXPERDIENTAL SIUDY OF THE WOUNDING 
MECHANISJI or HIGH-VELOCITY MISSILES 

By A N BLACK, B DELISLE BURNS, M R C S 

AND 

S ZUCKLRMAN, DSc, MUCS 

(Foj the Research and Experiments Department, PnUsh Mimslry of 
Home Security) 

The fact lhal the amount of tissue destruction caused by small high 
sclocity bomb splinters may be out of all proportion to their size has been 
recognized for some time Mote obyious csplanations of the dispro 
portion between size of yvonnd and size of missile-for eirample, That 

and It 3 r inadequate to explain the phenomenon, 

i nrernret ? (^fckerman, mo) that a Lre reason 

to that of an m!::„7e,pt3r‘“‘''' “ 

med? “"Ch teirX' hast'"'"’ ” ‘•'ose 

lhal non spinning projectiles Bred from’'"'*'"^ u found, too, 

effect in media sfch as mud 131' 

that the damage which occurs in th improbable 

a splinter wcfld be — lwd"bf “f 

any rotation On the other Lnd sha^ “a of shape or by 

have M effect on the track itself " ^ undoubtedly 

test 


...W xaatcft, HSeir -vrsasacvw.; 

The experiments described in this . 

t this interpretation designed to 


Melliod 

Md 5% gela'tr'‘The''L“er trorw'’t'’ ^ 

the dilution of protein in the body <^00560 as it corresponds 

With the facilities available to ns it u, j 
splinter gun capable of firing irregulL'U'^'T'""'^^'' <1™'= 

high velocities in such a way Ihal^ev * Pj'’, of metal 

^ “Wd be accurately aimed 
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was also impracticable to “periments wto ^ 

Accordingly a gun was devised (by Colonel P. Libessart 

In weight it corresponds to a ^S‘i?™P“i,,le, by means of relation- 

are shot off from any bomb or othe^fields of ballistic study, to 

ships that have been war ^ H jjj, (i,ose which would 

equate approximately some effects ot 

result from the penetration of any irregu ^ ggys spark- 

The velocity of each shot was ”^“*^ethoa is that the 

photography method^ ““rt'^^an electrical circuit, and thereby, 
missile cuts a wire forming p ^ gy ^sing 

through a relay, discharges a con en exposure of less than 1 

10,000 volts enough ^^siie and target upon photo- 

microsecond to throw a shade velocities of the missile are 

graphic paper. The impact and fg ,„d which are 

measured from the sound wa ^ interval between the impact 

photographed on the paper. By '' JT ^ j shadowgraphs 

M the missile on the target and “‘“8 it is hit. Using idem 

of the target can be i ®„,„5 ossible to photograph the 

tical targets for successive shots, P f_,^^tion of the 

successive changes which take place m a target 
second after it Is struck. 

Reeults 

• .r hv 5 cm by 5 cm. were made by pouring a 
Blocks of gelatin 4 cm. by 5 cm. oy ^ g 

warm 20% solution of gelatin ” '"f the ball hit the front 

silhouettes of the gelatin at «U“'8 j j shadowgraphs 

face of the block. Before «chjhot wj ^ ^ f 

were made, and these eelatin block after its penetration by 

the distortion undergone by the g ^£ photographs 

the ball. The magnification of the sUp s.ptesents the same 

varies; the dotted outline m ^ ’ jible to follow the q’cle of 
size of target. Unfortunately ff was which follows 

changes through to the end obliterates the gelatin block in 

behind the missile, forms a ' j , glow the gelatin block 

the photograph. The Immediately after the shot 

away. Each target, was, however, 

was fired. gall enters the target a tail sp as 

It will be seen that as soon as the nai 
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develops This increases m size in the interval taken b) the ball to 
traverse the block As the ball emerges it pushes before it a head cone 
which It ultimately leaves This is the only distortion which occurs dur 
ing the few microseconds taken by the ball to pass through the target 
Immediately after complete perforation has been achieved, however, 
the block of gelatin undergoes considerable expansion, until it becomes 
some three to four times its original volume In spite of this distortion 
the blocks return to their original size and shape The only permanent 

" n®if ‘ ‘>) P“sage 

the ball This track is the same in appearance as that caused b) push 

an®rl s”'"]? ' “ f«' small bubbles of air 

smilaTh o'k Experiments with 

similar blocks of 5 % gelatin gave the same result 

20iy aeTan^hr'^r T"? P''‘>“>«'“Phs were made of qlindrical 

the sal as *of ' f '"'“'‘"“''f The changes demonstrated were 
observ« on shadL I! ’'r blocks In this series of 

in a plar t ">‘■=1= simultaneous!, 

done b reflectma bytean“ f' P'”"' P^^'oe-Ph) This was 
recording paper placed beneath^h'?'’ 

graphs showed that the size of the additional shidow 

A third senes of 

enclosed m a stem made of the inner [ube of'^^ 
the distortion for similar hm/. i«f i ® bicycle tire showed that 

was considerably reduced the reduct* impact of the shot 

-stance of J skin t tJe'e^tCn" o^rgS.^™® 



*Piicroseconds nftov. 
part (X0 70) Dmct.on 


Pafl'llclTBl®! "’"'■aaaaaniis after im 

1X1)68) Direction of shot 


t:,„ 1 X z- , Oirection of she 

r-igs 1 to 6 shou shadowcranh« 

b> 4 cm by 5 cm during and ^ ‘="1 

inch steel ball travelling at veloaties he+n,*^ Penetration by a 3/32 

Pnd 3 2ao f/s) In all the figuSi ft e^™ ' ““O “A {2 29. 

^ ^ shows the outline ol 
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a shadowgraph of the target immediately before ^ 

Fig 7%hL the outline of the hind tab oj -^"-"eccnds 

immediately before and a Thl limb shows the same type of 

after the impact of the steel ball Ihe iimD 
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distortion as the gelatin blocks At the time of the shadowgraph the 
ball had completely traversed the limb 



■”■“0 

the hamstring muscles Theimna^t Passed through 

same range as the previous sho^ fxo m^ 

•e- Direction of shot ’ 

Ditcutsion 

as Th“ “ of'f “‘y 

plosive violence As the missile nn wthin the blocks with ex 
motion to the particles m its track^alTth^"’“fl®'* “ ""Pa'ls 

their momentum m turn to further particte ■"'Parting 

process occurring with explosive violence i' “ 
the pressure of which is presumablv s,.l, t' “''■‘P’ 

the target The peak of th! change 

penetrated the target It can bl eslim ™>"pktely 

the d cm b) 4 cm by 5 cm gdatin bln^U O" 

impact the gelatin is distributed man microseconds after 

0 5 cm thick and surrounding a cenfrS '"'“■■£■■'5 about 

diameter The stresses imposed on the gdr'^ 0 '’'’™’'““'='^ 5 cm rn 

compared nith those that it nould be S "'“S‘ be great 

than that in which the cjcle of changes occuV^M ^ 
prising that there rs so little evrdena „f n rt is sur 

when the ^cle of distortion is complete ° S''"''" blocks 

It has been shown expenmentallj that the 

that the cavitation caused m soft 



Experimental Study of irounding Mechanism of High-Veloaty Missiles 
.a, By Bish.ve,ocit>. ..si.es is not the p.s- ot an d.™ .n 

behind the bullet (see Crana and B^ker . ^ t„<.k 

when a bullet is fired into a clay a g bullet Further- 

with a diameter slightly greater than *e ‘:ahb 

ntore, the explosive effect is also the cavita/on 

a soft medium kept in a vacuum. , j^sponsible for the 

which occurs in a soft medium is oushed out again when the 

drawing in of air, some of -V b^P;f;tft in fhe track, as is 

target returns to its previous shape. bubbles in the gelatin 

shown by the subsequent presen e i,s<.„ed in splinter wounds in 

blocks. Small bubbles are also sometimes obse 

animal limbs ate essentially similar 

The fact that the shadowgraphs of a the same changes 

to those of the “ocks suggests high-velocity 

occur in human or animal subiected can only be likened 

missiles. The distortion to which they 1^^ deformation, 

to that of an internal explosion, an ^ust be 

which occurs after the missile has . . j,j„e dimensions. Under 
stretched around a central cavity o distances from the 

such conditions it is obvious, that structures a g 

track of the projectile can suffer damag ^ filmed 

It is a common clinical observahon and o^^^ b„mb 

experimentally, that minute punctur ou ^ olher 

splinters, in the skin on the entry ^ of relatively serious 

part of the body are often the only e ® ^j^d cylindrical blocks 

internal injury. Our 'L„ation in so far as only mmu e 

of gelatin provide a parallel to this (be considerabl 

punctures are made in the rubber coven g, band, when *c 

immediate distortion of “""" ^e atoned limb of a dead rabbu 
steel ball is fired at high velocity at h^ (be flesh on the ent^ 
or at a slab of meat a large crater s f ^ corresponding pa 

side, and the destruction is much greater 

covered by skin. fnrres set up by the high-s'e oat) 

The explosive character of the foK« ^^^^^ ( (iss„e destruction 
in its passage is manifested ”01™^ ’’^^ often observed cornroinmed 
caused\ut®also by the fact ^^’ILn the path of the pro - e 
fractures of the femur of a rabbt o’" pictures "n be 'xplaine 
lay more than 1 cm. from the ™ ic, and that it tort“res a a 

b/the fact that bone is r ‘’1, mbSed by the explosive format on 
result of the stresses to whi* it « (be same way we 

of the cavity along the path o 
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found that heavy glass plates placed m contact with the gelatin targets, 
and at a distance of 2 cm from the track of the ball, are shattered. It 
^ould be of interest to discover whether similar indirect fracturinn of 
bone occurs in war casualties 

In contrast with bone, highly elastic structures such as arteries, veins, 
and nerves are apt to escape injury m srounds caused by high velocit) 
issiles Thus post mortem examination of exposed animals shows that 

and smaller vessels are often much damaged It is only rarely that we 
ave observed relatively severe haemorrhage from larger arteries in 
wounds caused by the ball trarellmg at 2,5oS f/s and upLrds Xrels 
the impression so far gained in our work is that such haemorrhage is 
vs™“* --.ling m^'^fo: 

arelht'tf "doofrr f™"** '--"“S « 

excised strip o’f artere coSine? hi'" 

mm Hg, will not runtuie the v *^'" 1 "^ "’'•'"tamed at a pressure of 100 
block, except when the ball actu^ly in's" .t'"" ‘he 

m hi rvi'’cii;To'unrit‘r'‘nT^' 

mentarily undergone t’n dS “’ey have mo 

by the missiles This “'«'hmg around the cavitj caused 

and analgesia which is sometfme,*' transient paralysis 

splinter wounds, for it is known th^t ^ homb 

properties for some time after suchhisVrtron conducting 

P Summary 

..oncah;:7h;hrifhU':t'iJtt^^^ 

particles lying m their path atehitown f^ct that 

to leave a central cavity around which t 'y ’’'"h sufficient violence 
track are momentarily stretched Wh 1 distance from the 

enough to experience this stram wit^m “ """’“y dnstic 

tional injury, and nerves without ohvi ^"^‘""”ca‘ "nd apparent func- 
often broken at some distance from ther" “‘“'""'cal injury, bones ate 
Our warmest thanks are due to C I, r. 

Forces, whose design of the gun and ^ hibessart. Free French 

technique made this work possible rage '’^'‘h ‘he photographic 

tude to Miss B Hunt for her technical assrsT express our grati 

c,... c I , ’mcracNCEs 

o.™ -il Ts.l"’SL ^ ^ 

-E"ji 1 'r, r^\r,r ^ » 
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WAR WOUNDS AND ANEROBES 

By MAJOR ROLAND I. 5"^™™ 

Medical Corps. S3rd Div., N.G.U.S. 

Hislory 

Before we fake up .he study of anerobes involved in war wounds 
let us view the history of the .fba”teria could live in an 

In 1776 Spallanzanr drscovered ha 

anerobic environment. , i„“he absence of free oxygen, 

organisms, were .able to exist an p y j. jj the Leptothrix 

The first of the pathogenic ^ ,, 1847. In 1879 it 

buccalis. Robin isolated and j.. Jichelson (1889) ^ni 

was isolated by Trevesan. Frankel inflammations of 

Epstein (1900) observed k^o*nx m isolated 

the mouth and phaiynx. Vignal ana 

this organism. , . fever, isolated an organ- 

Ob«meiet engaged in the studj of p B recurred in 

ism, which he called the spirilum of nntil thirty yent* 

1873.1 Little further work '^discovered, among them 

later, .from 1904 to -1908, various f°™» j^Oj, ,he spirocheta 

the spirocheta du.toni, by the spirocheta Vincent 

dochii, by Novyi the spirocheta carte, i bP ^ , f^ver and it is no 

by B.;nchard:'There are f I'tp for the various 

yet known, which types of spirochetes P 

types of the disease. in his researches on i^fspir.Tl'um is 

ofte“spS]i of very sinriiar nimph;;;og. Jh J 

Se ■onr'ilTmegt:Td%nPe;a. w^s^^ 7^;^ 

; Kmg . 
.mpica. 7 s^ojn.. 

cou^str sS'h; i:nLed:i:ss:.a » 

number of cases a spirochete whic accompanying 

occurs in the cutaneous papule and u^ investigations two )ea 

Von dem Borne, repeated „ „i. ; ^f 

and confirmed the facts stated by „„,nn, carried ^ 

In the same year Schandinn ”7„i„ed primary syphilitic 
investigations, with syphilitic pa 
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durations and secondary enlarged lymph nodes, and discovered a spiro 
chete which had not been described and which was found m infected 
syphilitic patients, in a great proportion, and which was not found in 
uninfected patients 

Next to the spirocheta pallidum comes the Clostridium tetani, in 
interest from the standpoint of pathogenicity Lockjaw had been known 
for many centuries but it was not before 1883, that the causative agent 
of the disease was discovered Carlo and Rattone in 1883 discovered it 
in the pus from a cutaneous lesion of a tetanus patient They called it 
the bacillus of lockjaw Nicolaier (1884) and Kitasato (1889) each 
carrymg on investigations on tetanus, molated and described a bLlllus, 

Lottie' ' Catio and 

Van Ermergen (t89S) investigated a portion of a pickled ham the 

H work was confiri'rh® 

Tn thertpe of Nev.n discovered 

bifldis, discovered by Tissier m 1900 ® '^b'ldren is the bacillus 

dosdTrS m Z tcLlT® '"'■i' ''"'P'- bacdlus, 

disco/eredbyrlym l9irXZi,r r '“"'d 

■n 1919 The nffiltlf ermentans tenalbus m Stoddard 

also discovered by Stoddard in 1919 Th multifermentans 

Ins, or Clostridium tetanomorphum dis™ver'rHt'\'’f 
in 1917 Actinomyces Nectophoms 8 Macintosh & Elides 

treponema mucosum of N^ur fmTr' 

A very extensive study was nude of , 

cialed with traumatic injuries, durmc World organisms asso 

had been discovered long before the n ‘*’‘= '’acilli 

during the war that we learned ^ *0 war. but it was 

organisms to be discovered was the v.K V*™ “f th«e 

Joubert (1877) B Welchii found m 1^^" “f Pnsteur and 

cases was first discovered by Welch and usually m civilian 

has also been called the gas bacillus, baall^"' r ‘'ticillus 

welchii Another bacillus of this ctouD i-t and clostndium 

fected a large number of wounds, accordinr» i- , which in 

g to the discoverers, Wein 
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be,g and Sequin (1915). In Ihe same year 

B.fallax. a%lightly J'/ol i anerob'e found asso- 

coveied the B. histolyticus, an intcns, y p 

dated with the anerobes m war woun _ Ailoing and Thomas 

Pasteur had discovered ^ Chauvei, the bacillus of 

found a bacillus, which they called the Baaims 

Symptomatic Anthrax or blackleg. occurred 

Another organism that S. discovered by Metchnikofl 

frequently in war wounds IS the . .1^ j j b putrificus discovered 

in 1908. In putrid wounds V^aaveris of Klein is perhaps 

by Bienstock (1884). TheB. P^ /w j^py have found this organism 

AesameasB.putrificus. T.ssierjmd MorW ^ ,„a 

present in putrid meat. "The “ ^em 

Sequin is similar to, but not f "“^T' 1894. 

Bacillus of Novy, discovered by Novy 

Technique of Isolation „ot until 

Ancrobic bacilli are comparatively difficult to irola^^^^ 

World War I, that efficient methods f 5„etal organ- 

developed. The early workers „l,u,e. Macintosh & FiWes 

Isms, when they ffic’oS*’* jsrJlation by using a technique, w 

developed a good method for their isolat y method was 

toted repfated plating of the »c'ob.c „ 

used by some workers. This epns'S^ 

with virying dilutions of mator.ak The^ best method ■ 

level of the colony, and the colony is tten ,,h„„,or.es of the 

Barber-s method. (Developed by Barbe 

Rockefeller Institute.) . ,.-j to pipette out the coony. 

In Barber’s method a p.pette as the older methods, 

claims that his method is not as observations on ane j 

and permits the observer to make i„ c rned.um of small 

variability, motility, rate of grow' • jj^ods allowed. 

sowing Sactly known, than the old« rne^^^ ^ broad and 2^cm. 

An isolation chamber is jlows the use of “ ' ^„se 

high, which gives giass roust be heated v^^ 

glass, 60 by 35 mm. The covci b ^5 caretuuy ^ , 

it may be used for growing co o alco o , 

smeared with vaseline washe qo the g as . 

with a clean cloth. This leaves aveofu .emperature, m 

tion is necessary. It should be done over should 

not to melt the vaseline. ^ ™ 
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very hne, just large enough to permit the entrance of organisms It 
should be about 5 micra m diameter 

With the aid of a microscope^ a small droplet is pipetted from a 
coverslip containing a thin film of the solution, containing the organism 
to be isolated The droplets pipetted off should then be examined under 
oil immersion This will insure die purity of the culture insofar as 
organisms visible to the oil immersion lens ate concerned Invisible 
organisms cannot be guarded against 

The isolated organisms are then transfected to test tubes, oc grown 
on cover glasses and then transferred A fresh pipette is used for each 
organism, and the organisms are separately transferred to test tubes 
Each new pipette has the tip stenlwed, by supplying same with a small 
amount of sterile broth before use This aids also in washing the bacilli 
well into the tubes, m the case where bacilU adhere to \aseline on the 
outside of the pipette In washing the bacilli out the technician must be 
careful not to blow anj air into the culture The pipette method is used 
upon seeding materia! isolated by the usual means Air was removed by 
pumping m oxygen or by heating, the culture being covered by a layer 
of vaseline 1/5 to 2 cm thick, which prevents access of air For grow 
mg spores in hanging drops, Barber used the following method A 
shallow moist glass chamber, 45 mm long, 25 mm broad and 2 mm 
deep, IS made The isolated spores axe arranged on a covet glass 1 5 
or 2 mm apart, and sufRcient media added The under surface of the 
cover glass with the exception of the central portion containing the 
isolated spores is then coveted with a soft glucose agac culture of B 
pyocyaneus, about 4 or 5 hrs old The area in the center may be sur 
rounded by a thin paraffin wall to prevent spreading of the pyocyaneus 
The bottom of the moist chamber is also supplied with a similar layer 
of pyocyaneus culture Pyrogalhc acid and KOH were used by Barber 
m connection with B Pyocyaneus, but did not offer any advantage 
Barber made sowings of the following baalh B Sporogenes, B Welchii 
B Tetani. B Edematis, B Botulmus,B of Ghon Sachs, B Aerofitidus, 
B Putnficus, B Bellonensis, B TetUus. B' Fallax, B Edematiens B 
Bifermentans, B Histolyticus, Vibtion Septi<que 

Out of 400 one cell sowings of bacilli, he succeeded m producmc 
growth in 62, or 15 5% 

He made 211 one cell sowings, using all of the above with the 
exception of welchn, edematis, aerofoctidus and fallax and producing 
growth in 93, thus gelling as a result 44 1% For the bacilli, he used 
as media glucose broth, serum glucose broth, semisolid glucose agar 
semrsolid serum agar, firm glucose agat, firm Veillon agar liver pep 
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tone agar, minced brain, liver f^ftU?pores’hruse?i’n 

tone water in vacuum, f f or minced 

addition, egg cube and meat, but d . ^ various glucose media, 

brain. The bacilli as a whole grew tet 

the spores on the semisolid glucose aga . whereas bacilli were 

remained viable after exposure for an our Barber found that 

much more rapidly affected very slowly. 

B. Sporogenes grows very rapid y, . statements: "(I) Th<: 

In summarizing Barber mad ,nethod of obtaining pure cul- 

pipette method has proved a fe be used 

tures of one cell anerobes. (2) hicher percentage of posi- 

as seeding material, but spores g«^ ^ m ^ anerobiosis, to the 

tives. Boiling alone affords a ^misoUd agar is the most 

medium, for initiating one cell grow , isolation \ 

convenient form of medium. Ex^sure jj^ej-obes, but young baa i 
has no effect on the viability of . j short exposure to free 

of some species suffer from a comp 

oxygen.” 

Cultural Characteriatirs 

. bacilli causing gas gan 

The cultural characteristics of ®hese up into two S^oups ^ 

gtcne will be discussed. We may Saccharolytic, B. » 

saccharolytic and a proteolytic as p proteolytic, B. Sporog 
Vibrion Septique, B. Oedematiens, B. falia , 

B. Histolytkus, B. Putriiicus. organism. In older ml u 

B. Welchii is a gram-posilive, no • ^ ^ bread* 1 

it may become gram negative. Its leng shaped o 

micra, straight and usually square. B may gp^jes, and is not ^eo 

shaped, and has a capsule, has no flageil 

strictly anerobic. The surface ® 0jj colonies are 1 o 
or glucose agar are circular in confour. hr, o.d_^ar^ 

in diameter. Young colonies, encars, starch, and 

translucent. It ferments the commo n,3nnite, dulcite, s 

glycerine and inulin. It does "„racid and gas. * 
grows rapidly on meat with a Acid and ga^ ^p^yoUied 

get what is known as storm) ,„ntities. Me spores. , -j In 
with remarkable rapidity in great *1 . spores are . 

serum there is no change, no BTef is liquefied m -18 

alkaline egg broth an ^“rentigrade. , „i|s. strictly 

an inoculated tube at 37 degree ^ ^ composed of slcn 
Vibrion Septique is gram-posiUve. f" 
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anerobic, has spore formation, is motile, has no capsule On meat we 
get a rancidity and gas On milk, where it is usually found, it causes 
acidity, produces a little gas and causes clotting There is no liquefaction 
on coagulated serum Alkaline egg broth growth results in opacity, 
but there is no clotting It liquefies gelatin When grown on broth a 
turbidity forms, which settles to the bottom leaving a clear supernatant 
fluid It will ferment glucose, levulose, galactose, maltose, lactose, and 
salicin It will not ferment glycerine, saccharose, inulin, mannite, and 
dulcite 

It may be differentiated from the B Chauvie of Arloing, Cornevin, 
and Thomas, by the fact that Vibrion Septique will ferment sahcin, 
B Chauvei will not 

B Oedematiens, is motile under strictly anerobic conditions, it is a 

rwevh “raewhat wider than 

B Welchii The tod is lightly curved Autolysis sets in very early in 

ate?eaurd T “ f” Sood growth 

St -'-St : 

dulcite, inuhn, and salicir'"'’ >“«ose, mannite, 

colonies are hose o^TTr 

slightly granular The deer, i appear as round, crenated 

shfpeJ ^It w7not^d;esrL:'Z wm ^ 

days a milk culture clots WifK i three to seven 

The same is true o gelatl AU 1 ^ " "" liquefaction 

cose, levulose, and Lite -II fetent glu 

saccharose, starch inulin and saliL galactose, 

actively Lotfle, slendffoLsLtes^t"”" gangrene It is 
gram positive in young cultures Sa ’ ® negative m old cultures, 
colonies have a wooly tangled fi’lame T S aerobic The 

have a hard center Le deen «''> ?«■?*''>')', and 

vigorous growth, with gas foLaliontn’\T°'^ “ 

odor In milk, a lurb.d.t, LSS i t'"'; ‘■"d ^ putrid 

supernatant fluid, the reaction bcat’ing ^ KWes out, leaving a clear 
liquefied In alkaline egg broth a ‘^^'’“^“lated serum is 

bottom and is digested Matin is liquid *= 

^uenea it will ferment only glu 
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cose, levulose, and maltose. Some of the othei organisms 
a condition o^ gas gangrene are: B. Orchlearis B. 

Intosh 1917), B. Tertius (Henry ^^»^ta s R tUcu!; 
IX.), B. Tetanomorphus, B. Aerofitidus, B. Bitermenta 
B. Butvricus, B. Multifermentans tenalbus. 

.W.;* 

crenated, and have irregular edges. ” 8 branches A white 

arborescent or coral like with fine wooly ends ^ ^ J’", coagu- 
deposit of tyrosin follows digestion upon moca gj ^ levulose, 
latVd semm is liquefied and gelatin rs hquefled. Glucose, 

maltose-fermented. „„.itive tod, oval spores, 

B. Putrificus is strongly prowlyfc, serum are 

Strictly terminal, giving drumstick ' pfgne and contributes 

liquefied, milk is digested. It is found 8« g“S 
to the putrid odor, but is in itself not patboge . 

Power of ReeUlance 

In the classification of anaerobes, we we notice that 

an oxygen environment. In viewing t e a • To one of these groups 
we have various groups as regards ae obligative anaerobe 

atmospheric oxygen is a toxin. This group^^ resence of free mcyg'" 
group. Barber's experiments showed Tetani, 60 min.; B. 

stoppled growth as rollows: B. WelAm »^™"„^enes, 0 min.; B. O - 


,, . ... ollows: D. wc.va.., . ogenes, 0 i ^ , 

Oedmatis, 10 min.; B. Botulinus, 6 mm., _ 1 min.; B. Bel* 

Ghon Sachs, 6 min.; B. Aerofitidus, p g min.; B. Oedematiens. 
lonensis, 6 min.; B. Tertius, 10 min., • ^ |o min- , 

17 min.; B, Bifermentans, 6 min.; B. Hist y ■ j httle 

No culture has ever been 8'°*", -^““biotically with aerobes to 
oxygen is always present. Anaerobes fashion, 

a great extent, and perhaps acquire oxyg attention o 

During World War I H was fo'«^'l ^.^rtain intiseptics d'd n 
clinicians that the resistance of the ha er as it did ■" ' 

have the same effect on the bacteria m 

AnSptics of rapid action, “Site sSTo'ns) and 

resist, are Dakins solution, eusol growth, even m op_ 

mine T. These antiseptics prevent ur of a lo . 

media. With eusol the following 
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.\« of foionttM tiex ttnjurg tm j latti 
No rrowth ftflrr 21 hr» 
Innumiratlr rolmir* after 4 tia)* 
Innumeralle mloniM after 4 dixyr 
Innumerable colonies after 4‘> hra 
Innumerable eolonir* after 4‘> hr 


The antiseptics used abo\c are xcr) destnieuxe ii> anacrolxcs m ihc 
laboratorj but their potcnc) is dissipiicd m some wax in the wound 
perhaps, b) contact with the walls of the wound, its discharges, or Ivith 
u L experiments carried on tn xitro it was discnxcrctl 

that the bactericidal cfTicaq of antiseptics is lessened in the presence 
lcucoc)t« l,i,c a qucndnnj; clT«t upon anliscpl.c 

mhb.l thrr proMl, of 11 Spotoponcs arc as follows lodrnc 1/500 

effect on the bacteni ■n’t, exert an mbibitort 

bactericidal action^of iLht Hsdrocra'"ir"’'"l' "'e 

agent ^ ^ peroxide is a stronp baaencida! 

A hypertonic salt solution IS an indi.frt K„. i , 

an accumulation of leucoqles riecUic l.ebi " P"’**'’"' 

have an inhibitor, effect on anaetobte giLub r|'^' “ ''f'”, 

to a solution containing anaerobes ss.Hm , ' ^ ePP'"‘‘ 

Will kill anaerobes cl as a bactericidal agent Heat 

Channel of Infection Mnai r ox 

The point of infea.on ts the ssou'd ^2'°" 
more liable to anaerobic infection than otbe„ 

lacerated wounds become mote hmhh .nfec i , “"‘I 

to ) necteci In the case of 1 wound 
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caused by a shell particle acute 

shell particle makes a roug “ carries with it as it enters 

the shell bursting on percus ion with t g be 

the wound portions of soil, w .® take on various phases, 

heavily charged with anaerobes. 1 ja J ^ spread- 

\Ve may get a localized anaerobic mfKt. ,.gr„up 

ing anaerobic infection in the wo , attacked; gas gan- 

type, when a single muscle or S'<>“P ^nt of a limb is involve ; 

grene o£ the massive type where a 

or the fulminating type. . Retention of extravasated 

Infection is aided by the following fac ors. of 

blood; interference with the tol crculalio ^ „f |o„g bones; 

devitalizing tissues; extensive fractures, „ ackings. The wound 

retention of w-ound secretions by j^rface opening is idea f“ 

if it has the shape of a cavity with “ Xansing of a wound leads 

anaerobic growth. Delay m t * „ of foreign bodies, 

to acute infection, as does also the tetent 

Paihogenieiiy ,j,„n,ine whether an 

In a wound a myriad of factors =">«■ ™^bour, or whether several 
anaerobic infection will be apparent w h usually 

days will elapse before distinctive ea brownish discharge, 

taWs the following course. The wound ha a oil gas- 

posed of broken down blood clots. « *e stage of the wound^ 

The odor depends on the oj] is absent, but later it 

At the very beginning a characteristic sme ‘;j„„gbout the “ 

foul and acrid. A serous infiltr^on of ''“'^„"nd the 

septa, and connective tissue. , ^ purphsh ring 

swelling which takes on the 'vhen infection se 

wound"’ The muscle is at first not , issue is invaded bjjh ^ 

have the condition of gas gangrene. ^^pplj. is c 

organisms, and gradually digested. “ io„. The d. 

wf are able to L the actual -- of ^ural color 

black, friable, and diffluent. T muscle undergo 

then yellow, ’contractility is lost ^^....h-yeUow and 

coloring, beginning with red an changes color 

“utother type the ^ood "^a^s^ls f';': 

The — V i.i.r.rlra.s elfect, since it P', .„f„cnce with the 


lies Detween me u*ucv.w - • oroduces pressuf 

the gas has a deleterious --ic. Interference 

sheath and constricts the blood v 



II ar Aialidt t 

suppl) IS \cr) fa\()rihk to infcttion because neither the first nor second 
lines of defense ire pi\cn fret pli) 

Toxin Production 

n Wckh" proiluas i true cxoloxm An aiilitoiin w js fitst JcicInpcJ 
b) KIosc (1916) tthich \ws mil hoiicict ai c/Tcclnc as Itctcsion's 
Since nWclcliii is the chief nr(;inisni insolsej in yas (;an^renc, an anil 
oxin iniection Mill remoie llie orgiinsm unsinq ilie most trouMe, and 
Vthr minor ^■\5 gangrene organisms alone, among them the 

the 1 ^ ”0'J'-"'"lmns ulio come next on llm list from 

Wor d wT, p” " '•> 'I-™ ^'"P 

fc^ a ns ofilTeS 

j.iairi han l™i'iMl!"cd nmi ..nilnit 

by BOederaatos IS ch!L, i.^'« lesion caused 

absence of gas D Oedcmaticns7orm's ^ "1"!!?'’’ 1^''^""''"' '’‘'“lide end 
the aorte infection that V.brion Sept. <,„7 does 
pllax IS set) shghti) patliogenic 

NVe.„be7fn7s;::n'“rfs 17'"' ?' — ■< >’> 

"ounds Tins crll rs hlef ' f°“' ‘«>“t ■" 

a weak toxin pathogenic and produces 

B Histolyticus is mtenseh hemohtir i i 

■ ES;,r, ” "" “ 

m wounds, and is non pathopcnic putndit) 

treatment may become better or wn of the wound under 

drained and granulation sets m If Ih “ ‘S 

gangrene condition rapidly encomn-,« ^ becomes worse, the gas 

tion which demands amputation ” ^ condi 

The infection althouch onnrir.i, 

ally found to contain afrobes usuallv anaerobic bacilli is usu 

The anaerobes grow better under an ^ and staphylococcus 

bus to remove the aerobes which are containing aerobes 

able to anaerobes we inject some stant. i causing a media fa\or 
made from MTetragenu's LiZreXlT^r--’ - “ -cerne 
F woccus The vaccine usually im 
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proves the wound. Vaccine gave good results in 
ensued in which there was a pyrexra. a cessat.on 

and an unhealthy appearance m the wou . , . c chloramine T 

be careful of our use of antiseptic, a very weak 

for example will have a stimulating effect upon the organisms. 

Dissemination within the Body of the Host 

In the case of gas gangrene, the fatal- 

of the infective material to even a danger of dissemination 

The treatment of a wound is determm ^ ■ ij^^h the limb must 

to a very great extent. If we have f ^ 

be amputated if the infection “"‘f: Jf^rtion" Thus when a 

septics with the view is immediately washed 

patient is brought into the hospital, Dakin’s solution, or 

with hypochlorite solution, and we app y > effective means for 
chlota Jne T. Hypochlorite solution is the most 
putting an initial stop to <i‘5semination. j ^jth a .5 per 

Slough covered wounds are given ^ ^ tryptic ferment upon 

cent salt solution, which causes a i exudation of lymph 

the disintegration of the leucocytes m p showing dissemi- 

also ensues. I will give "" ^'^^“Medical Research Council Report 
nation of the disease. (<jt. Btiiaiu 

Vol. 57. 1920. Pp. 122450). effected by gas gan- 

I. Bullet entered right thigh, g ^j^putation. 

grene, no healing, general conditio stopped by hypo- 

II. Gangrene in muscle or £• 

chlorite applications.- Connective . ihire days, before he was 

HI. Wounded. Was lying the , y d and an infection spread 

picked up. He was very weak from f was treated with 

in his leg. He was taken to the base hosp.ta>. .„f 

Dakins solution, and every attempt w amputated above Ih 

tlon. Infection continued spreading, so i t 

'"’'iv. He was wounded in the repair. Muscle 

gangrene. Infection was counterac e . healed. , 

was not as efficient as formerly a ^ . „ade on surface wit ' 

V. Wound in right ^^=P“7.7' of wound offers comparative!) 
precautions. Easilv repaired. 
little trouble. - 
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VII Infection in gluteal muscles, mcisions ucrc made into muscle, 
but did not aid in stopping spread of infection Muscles excised Teser 
followed and large pieces of necrosed bone sscrc remo\cd from the 
neighborhood of the sacro iliac joint, >\hich great!) improved the dram 
age of the deeper portion of the wound The wound progressed wonder 
fully quickly, granulations springing up from the bottom and filling the 
cavity, the epithelium also spreading in from the edges When later the 
concentration of material became grcit and contraction followed, but 
was not rapid enough and epithelium stopped spreading, some Steele s 
grafts taken from the patients thigh were applied to the granulating 
surface no special arrangement being adopted A second skin grafting 
operation two months later when the scir tissue was very pronounced, 
and the granulations in consequence set) bloodless was an almost com 
plete failure However, under massage to loosen the scar tissue, and 
charge™*' ’’“''"S slot' I) and patient «as dis 

casilj'healed*'" 

'"Cis'ons made to curb infection 

ODltatmn fl?'’ PPf""®" l»ne si.th metallic thread 

Operation for removal of metallic thread Wound heals 

Deaft ‘he extent of septicaemia inset, sseak patient 

^his condition ts set, dan 
septic thtomroMfofThe“vcnrLa*''rr"L*'*th" 

or common iliac vein * *rombosis of the inferior 

but bleeding point could® hemorrhage ssound opened 

inflammatory exudation Amputation fn ‘"''■‘ration of blood and 
In general sve may sa^h^ aCl 
started and sve base an inBammation Theral‘"“"°" 
lion Necrosis sets in muscle and bone tiss^ "i“ ‘"■‘"ra 

lymphocytic mfilttation and a putrefied mass "f ^ 

The svound has a tendency to dose on the r” h“™ed in the ssound 
prohfetalive mass A flesh svound on Ihe'abd" 
may gam entrance into the abdominal cavity A 

abdominal region is tare due to the fact that shT •>"' 

are easily treated Dissemmation of infeetiM „f ""unds 

into the abdominal cavil, « usually fatal *is kind 
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Thrombosis, embolism, septicaemia often result f “ ^ 

grene, the latter being fatal, the former two lead.ng to a cnt.cal 

‘"Various complications may arise. W 

invasion into the blood stream, secon ary p cnffered some slight 

in various parts of the body. when infusL 

damage as from the introduction of a ypo nrolonced pressure 

of salie, or they may develop in tissues g' , / f ^ hfp. The 
as in the buttock, when the patient lies m bed 
prognosis is extremely bad. 

Clinical Significance 

A. .. ,h. . 

fiirsr 

guished by a foul smelling discha g , percussion of 

*e disease is mote extensive, swellmg IS P P 

the swollen area, a tympanitic Mun is whether an anaerobic 

By noting the type of “wounds with imperfect 

infection will soon be m evidenc . extravasation of blood, 

extensive devitalization, and death o ' drainage is typical in cases 
will result in gas gangrene cases. entrance, entered deeply, and 

where a projectile made a smal po .pounded man is also impor- 

was retained. The general condition ot r fatigued troops than m 

tant. Infection develops much more irregular wound, an 

fresh troops. An irregular proj^de ® chances of infection, 

may carry bits of clothing, and t us active inter%’ention b) 

An area with a diminished blood ^ When a wound becomes m 

the protective mechanisms of the J'" . .j g ^he muscle is attacke , 
fected it is an anaerobic U 5 cle becomes black, friable, an 

then it becomes gas gangrene. m 1 see red and 

diffluent, and the line of invasion is s ■ ^ loss of con rac- 

-- • ’ .re pain, crepitation 


yellow zones or bands. In some 


AU.,„ u, UA...... - r are pain, crepitation 

tility. The diagnostic f important severe constitution. 

resonance on percussion, and wh 

symptoms. .l tvpes In the fust type 

The disease may be one JljJa type we have slow spread g 

localized anaerobic infection. In the jnd crepitation m.i) 

In the third, swelling, and a tympanitic 
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detected These symptoms become more marked as the disease continues, 
the skin develops large irregular iibrillae, with blood stained serous 
fluid There is a mottling of purple patches, becoming greenish yellow 
The muscle becomes dry brown, pultaceous, and Anally black with a 
slimy surface This third type is called the group type The fourth is 
the massive type Here the blood supply is cut off, constitutional symp 
toms such as vomiting rise in temperature, and a rapid pulse are noted 
There is a rapid appearance of signs of decomposition The fifth type 
IS the fulminating type Severe pain, extensile siielling of the affected 
part rapid spread of the disease, and severe constitutional features are 
the symptoms 

amo, P"'" 

When h P?‘" “P°" '"creasing pressure within the wound 
rnumbLTi r ““f “'"bl'^hed pain increases There is a feeling 
tossed a^d I ‘ 

cow mdtue't tLPa^^rSr T'^d 

may r= ptent ‘Death 'comr' Td 

- - -"own, pulZa^'lSr' 

° Laboratory Standpoint 

B Welchn‘rnTas"onated "Lt-'® material bacteria 

streptococcus and staphylococcus’’ After 

and granulation tissue fmmed no B^Welchii' ® 

examination In recrudescpnr t ,* wc" found upon laboratory 

'he chief anaerob: to“be ,ri:d’’tasTs:: 

with streptococci and staphylococci As always in company 

the hospital and physical diagnosis iTd “ “ "T 
lected and films and cultures^made -n. e™P “ P"" were col 

infection are thus noted Weinbern , "''P®""" nrganisms causing the 
ures B Welchii found in 72 so J ^ S™ ^e following fig 

12 per cent of cases B OedematIms’‘m aa Vibrion Septique in 

genes in 27 per cent of cases P'^ ® Sporo 

T«. j„,j„ Kc^i.a'""-"’™*'''"' 

PubI cat ons Journal of Exper montat ir A 
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Great Brian Med cal Research WoU '“^1515 Chmm ttee— 

S7i,22 ,520 Authors-Doue, rr, 



THE TREATSIENT OF WAR WOUNDS OF THE BRAIN 

By GILBERT HOERAX, M.D. 
i\€uio8urgeon, Lakey CUnic, Boston 

This discussion is designed to cover not only actual gunshot wounds 
of the brain but also similar injuries due to fragments from s e s an 
from bursting bombs, the latter being probably even rnore requen 
war than the ordinary types of wounds from penetrating missi es. 


Propliylavis 

A few remarks concerning what may be done to lessen ^ 

head injuries appear to be in order. In the first place, r would be most 
desirable if all soldiers could go into action wit c ose y p ^ . 
This would not only minimise the amount of ham that 
into the brain in penetrating injuries but wou P 

deal of infection of the lacemted scalp wound from 
becomes matted with blood ‘"j^e^fhaving and steriliza- 

and contaminates the laceration. Furthermo , Cnfielv easier. 

tion of the area around any such wounds wou valuable 

Secondly, tetanus toxoid has been s own civilians 

prophylactic agent and should be j j^sage consists in 1 cc. 

likely to be involved in enemy actions. The jniection of the same 
subcutaneously as a first injection and a another two 

amount two or three months later; a thir mj immuniz* 

or three months is advisable. If it is known toxoid should be 

ing injections has been complete, 1-0 cc. o absence of complete 

injected subcutaneously at the time of injury, m . jmmedi- 

immunization, 1500 units of tetanus antitoxin should g 
ately in all cases with compound injuries. niouth at the earliest 

Thirdly, the sulfonamides should be j-jnJ has been 

possible opportunity after a compoun should be given by 

received. An initial dose of 6 gm* o* ^ul patient cannot 

mouth if it is possible for the patient to swa Subsequent doses 

swallow, it should be given through a approximately d g'^- 

four-hour intervals, so that pallets receive Fi- 
should likewise be administered. 

General Principled 

brain wounds due m 

It must be remembered that all j^o forth are compound 

shell fragments, bullets, bomb fragmmts patients to .a 

fractures. One of the greatest essentials b 
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:is"t ::j;s £«»; 

.-ave 

of all need treatment for sertous “oA Th ’ 

possible ways by warmth hot dr I- c oombatcd in all 

transfusions of Led the' nuarl ’ or 

quiet and complete rest so far as thl's^*^ °f small doses of morphine, and 
fusions can be carried out wit, I he nat ="‘' 

should not be delayed too lonir befor " *">■ 

addition to the care Lvoted to the wo, I “ri."*'?" '* “"‘'ortal.en In 
in other parts of the body, such as th^se oVn! 'sounds 

should be looked for and treated extremities, 

Preoperalivc Preparation 

shomd be 

teroanterior positions The whole head sb 'I’d f '"oposterior and pos 
nd a careful examination for multmle si ll”^ carefullj, 

A brief neurologic examinationTX md >>'= -f* 

great value m checking the subseai e '"'•‘“ted, since this may be of 
“.ions such as pcstopfraXhtl h 't “ ‘f 

phine, not over '/, to y, „ Xu,®' A small dose of mor 

uot, of course, if ,h'e put.e„t «™log.c data are noted 

unconscious or extremely drowsy 
T ^weslhesia 

almost all cases In 

r.™„r a n,.„„ brio -a 

r-Urr iwrnlrW 
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The Treatment of War Wounds of the Brain 
during the course of the operation. There are obviously times when 
local anesthesia cannot be used, namely, when patients are extremely 
restless and unco-operative, and especially when multiple wounds else- 
where in the body require operation at the same time. In such cases, 
ether anesthesia or a combination of Avertin and ether is probably 
the anesthetic of choice. When highly trained anesthetists are avail- 
able, intratracheal ether or, for short operations, possible intravenous 
Pentothal may be extremely useful and may perhaps to a limited extent 
supersede local anesthesia, although novocain for this type of injury is 
highly satisfactory in the vast majority of patients. 

Operative Trcalmenl 

The general idea of operative treatment for all compound injuries 
is a thorough and careful debridement of the contaminated tissues, 
together with the removal whenever possible of such foreign bodies 
and bone fragments as have been retained, without added damage to the 
surrounding areas. This applies to brain wounds just as it does to those 
of the extremities, although obvious difficulties arise so far as the brain is 
concerned because of the undesirability of sacrificing any more normal 
brain than is absolutely necessary, and because in certain cases more 
damage might be done in searching for a foreign body, especially for 
small fragments, than by leaving these fragments alone. Furthermore, 
the danger of hemorrhage from the deeper portions of the brain must 
always be carefully considered and prepared for. Again, as a general 
rule, if patients with gunshot wounds to the brain have been operated 
on early, — up to twelve hours of the time of the infliction of the 
wound, — if the operator is satisfied that a complete debridement has 
been done, and if the patient can be kept under observation by the 
operator for at least ten days or two weeks, the wound should be closed 
tightly, without drainage. It is possible that with the use of sulfona- 
mides by mouth or intravenously, together with the local instillation of 
sulfanilamide or sulfathiazole powder into the wound itself, many 
more of them can be completely closed than was possible before the 
introduction of chemotherapy. This, however, is not yet entirely dear, 
and it is probably well, even wdth diemotherapy, not to close wounds 
that have been operated on after the twelve-hour period. 

After operation, 1500 units of tetanus antitoxin should be given 
intramuscularly if a prophylactic dose was given immediately after the 
infliction of the wound. It is also advisable to give gas-gangrene anti- 
serum to all these patients. 
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Wounds ithoiil Dural Penetration 

After the usual preparation and sterilization of the scalp around 
the area of injury the A\ound should be excised but only far enough 
beyond the lacerated contaminated edges to take in contaminated tissue 
Contused but uncontaminated tissue should not be excised The instru 
ments used for this excision should then be discarded along with the 
tissue excised When there is a linear fracture without positive evidence 
of depression and when the operator is sure that there has been no tntra 
cran.al damage the wound may be treated as a scalp wound with 
primary closure if the wound has been operated on earl) If the cranium 
IS depressed one should make one or more small burr openings around 




The Cusha^i, 

the Lfd arJt after operat on Wlh photographs show 

he d ar a bene and tbe bonrjr'lAenla"'^^™? 

the area of depression and then elevate th 
some proper smooth instrument Again the“ms“t“™“‘‘"'‘* 
bone removal should be discarded S '"e nstruments used for this 
surgeon may consider it practicable 10*^0 ? “P«ienced neuro 
Operation and thorough debridement ^^agments when early 

placement should never be attemnf d performed but such re 

gallon of these wounds with nhZll '"“P^^eed operators Irri 
"'em IS recommended by many debnde 


The Treatment of )rar Wounds of the Brain 
it is depressed or not, and the dura inspected. If the latter is tense and 
discolored a deep bluish black, signifying an underlying clot, and if the 
operator is satisfied that his debridement has been perfect, the dura 
should be incised, and the clot evacuated and the dura then resutured 
completely and carefully with fine silk. 

Wounds With Dural I’eiiolration 


Under this heading are included all the more serious types of brain 
wounds due to missiles of war. In a general way, they may be divided 



Fig. 2. — Penetrating Type of Wound. (Modified from Cushing.t). 

The drawings are diagrammatic representations of this type of wound, with 
a metallic shell fragment lodged at bottom of track. The photographs show a 
typical wound from a single large fragment, before and after operation with 
primary closure, together with the e.tcjsed area of bone and the bone fragments. 
Note the “tripod" incisions, which aie useful in wounds of this kind. 

roughly into five types: the gutter type of wound, in which the missile 
has plowed through the scalp and often through the bone as well, and 
in which a shower of bone fragments, together with other debris, such 
as hair and clothing, has penetrated the underlying brain to varying 
distances, sometimes going in as far as one of the cerebral ventricles 
(Fig. l); simple penetrating wounds, which are usually due to a rather 
large, single metal fragment that has carried in with it fragments of 
bone and other debris and has lodged somewhere within the brain, 
not infrequently penetrating the ventricle and sometimes crossing to the 
opposite side of the brain from that on which it entered (Fig. 2); 
penetrating wounds from multiple and often small fragments, particu- 
larly bomb splinters — this type of injury has been particularly prevalent 
in World War II; through-and-through or perforating injuries, which 
usually have a small wound of entrance and a much larger wound of 
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exit, with a certain number of bone fragments carried m along the track; 
rounds involving one or another of the air sinuses, more particular!) 
the frontal and ethmoid sinuses, m which subsequent complications, such 
as cerebrospinal fluid leak or intracrarual aerocele, may develop 

The gutter type of wound and wounds due to a laige, single penetra- 
ting fragment The operative treatment of wounds of the first tno 
types may be considered together, smce they are essentially similar in 
most of their aspects and m general require the same type of treatment 
After careful excision of the contaminated portion of the scalp, radi 
atmg incisions should be made from the area of scalp laceration, usuall) 
in the form of a tripod, so that the flaps thus created may be retracted 
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and an adequate exposure of the fractured area secured. The break in 
the skill! is a relatively small round opening or a rather large, irregular 
hole in wounds due to a large metal fragment, and the bony defect 
is a long elliptical area in gutter wounds. Four burr openings are made 
surrounding this bony defect and including the depressed fracture area, 
and these openings are connected with bone-cutting forceps, a procedure 
that enables one to lift out the whole bony area intact and thus to expose 
the dura with either a small or a large perforation (Fig. 3). At this 
point, the procedure of choice varies according to whether or not an 
electrosurgical apparatus, together with adequate suction, is available, 
If these two adjuncts are not at hand, a method similar to that em- 
ployed during the last war, as advocated by Dr. Harvey Cushing, is in 



Fic. 4. — Catheter-and-Syringe Method of Debridement of the Track in the 
Brain. (Cushing.2) 

The softened, disorganized tissue is sucked out; the bone fragments and 
other foreign bodies are palpated with the catheter and removed by delicate 
forceps. 

order. If the patient is under a local anesthetic, he is asked to strain 
or cough, and by this means considerable amounts of clots of semisolid 
contused brain may be expressed through the hole in the dura, and such 
material may then be wiped gently atvay from the remainder of the 
wound. Indeed small bone fragments may sometimes be thus extruded. 
A soft-rubber catheter of suitable size is then inserted gently through the 
hole in the dura, and with this catheter as a means of palpation, bony 
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fragments along the track of the missile are gently searched for and 
removed either b) gentle suction with a syringe attached to the end 
ot the catheter or by a grasping of the fragments with a delicate forceps 
and their extraction in this way Gradually, as the catheter is inserted 
farther and farther in the track, the area is cleaned out by careful, not 
too vigorous suction on the catheter, thus, devitalized brain tissue, clots 
and other debris are drawn up mto the catheter itself, the catheter 
emg withdrawn from time to time and such material as has been sucked 

In thTs " 1 r “£ ‘he field of operation (Fig 4) 
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The Treatment of War Wounds of the Brain 
After exposure of the dura by the means already described, the 
membrane should be incised to a distance of perhaps a centimeter in a 
circular fashion outside the area of dural penetration, and then the whole 
track in the brain should be excised, together with its contained elements, 
in exactly the same way as a similar wound anywhere else would be 
excised. With the electrosurgical apparatus, an area slightly outside 



Fig. 6. — Blunt-Nail and Electromagnet Method for Extraction of Magne- 
tizable Metal Bodies. (Horrax^; reproduced by permission of the publisher.) 

the actual track of the missile or bone fragments should be sealed off, 
that is, the blood vessels on the surface should be sealed off around this 
area, and the brain incised in this coagulated area outside the track. 
Then, by a combination of strong suction, using a metal sucker, and 
with the electrosurgical coagulating current constantly applied to this 
sucker, one can clean out the soft brain surrounding the track, together 
with the clots and other debris (Fig. 6). If larger bone fragments are 
encountered, they can doubtless be taken out by the strong suction itself, 
or if they are too large for this, the)' can be extracted with delicate 
forceps. In this way, a core of tissue including a small amount of un- 
contaminated brain outside the track is completely removed by the com- 
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bination of suction and electrocoagulation, the latter being cmplo)ed 
to sterilize the area at the outside of the track as one proceeds As the 
core of tissue is gradually removed, one can insert a flat spatula along 
either side of the cavity created, and thus dcbride the \\hole area under 
direct vision (Fig 7) I am convinced that a much more complete and 
thorough debridement of all possible elements contained in the track 
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The Treatment of War Wounds of the Brain 
and any debris removed from it. Again; as in the older method of treat- 
ment, wounds that have been completely debrided by the method just 
described should be closed primarily when patients are operated on with- 
in twelve hours after injury, after the local application of sulfanilamide 
or sulfathia2ole powder within the wound. 

When patients are operated on after the twelve-hour period follow- 
ing an injur}', sometimes after one, two or even three days, the wounds 



Fig. T.—Detail of the Procedure Depicted in Figure C. (Horrax*; reproduced 
by permission of the> publisher.) 

The brain edges are retracted, and the track cleaned out by auction under 
direct vision. 

show varying degrees of infection, which has sometimes gone on to 
an extremely foul-smelling herniation or fungus formation of the brain, 
with bone fragments and other debris extruding through the brain track. 
These wounds must be opened widely, and additional bone must usually 
be taken off around the area of penetration so that the dura can be in. 
cised in radiating fashion, thus relieving the almost certain constriction 
that exists at this point and is bottling up the infeaion inside. All 
devitalized tissue, bone fragments and other debris should be completely 
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sucked away down into the track, which should be treated by open 
drainage of one form or another just like a brain abscess It is my 
opinion that probably the best form of drainage m a case of this kind 
IS to insert guttapercha tissue down to the bottom of the track, which 
IS then packed widely open over this tissue with gauze In anj e\ent, 
the track should be held widely open by some means and m these cases 
it IS probably best not to dress the wound for two or three days but 
to leave the original dressing with its inserted drainage, in place so 
that a drainage track becomes firmly established After that the dress 
mgs can be changed either daily or every other day for the sake of 
cleanliness around the outside of the wound, as healing gradually takes 
place and infection subsides the drain gradually extrudes and can be 
cut off a little each day Tinally the area granulates and if the exposure 
IS wide healing can be hastened by secondary suture or by some form 
of pinch grafts If a wide area of bone has been exposed, it is some 
times an excellent plan to make perforations over this exposed area 
u° K granulations spring up and cos er the 
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wounds, the local use of sulfanilamide or sulfathiazole powder is indi- 
cated. If the injury is seen in the early stages, and if the patient is to 
be kept under observation by the operator, the wound may be closed 
after debridement, to effect primary union. 

W ounds involving the air sinuses. These are extremely serious 
wounds because, in addition to the compound fracture involving the 
brain, there is the open sinus, which cannot be closed and which affords 
a site of continuing infection for a long period. In wounds that have 
traversed the frontal sinus, the usual debridement of the brain should be 
performed, as in other types of penetrating wounds. Any general frag- 
mentation of the sinus should be cleaned away as well as possible, such 
portion of the mucous membrane as has been obviously contaminated 
or is dirty being removed. If the wound is operated on within the first 
twelve hours from the time of injury, the dura should be closed, if possi- 
ble, and the area should then be packed widely open, with gutta-percha 
tissue Of rubber dam against the dura, and with gauze over this for 
packing. Another method is to close the scalp wound, leaving a drain 
down through the frontal sinus and coming out of the nose. If such 
a wound heals by primary union, much time is saved for the patient, 
but this procedure is far less safe than the open method. 

The particular danger present with wounds involving the brain and 
air sinuses is a cerebrospinal-fluid leak. To prevent this complication, it 
is imperative, when possible, to close the dura after careful debridement 
of the brain. If such closure is not possible, a muscle implant may be 
used over the ethmoid cells when this area has been opened, or a vaseline 
gauze pack may be placed against the dura and uncovered brain when 
the wound has involved the frontal sinus. If the wound has been closed 
either by primary union or by packing off, and if a cerebro-fluid leak 
develops, the patient must be reoperaled on, and the fistulous tract from 
which the leak is coming sought. This is most frequently just above 
the cribriform plate of the ethmoid, and this area should then be sealed 
off with a muscle graft. 

Another occasional complication of W'ounds through the frontal or 
ethmoid sinuses is the de\’eiopment of an intracranial aerocele. This is 
caused by the introduction of air through some p>ortion of the dural 
laceration, and the patient as a rule begins to notice some increasing 
headache after a sneezing or coughing spell. X-ray study reveals the 
collection of air in one or the other frontal lobe. This air usually means 
a fistulous tract bet^^'een a frontal sinus or tlie ethmoid cells and the 
brain. It must be sought and covered with a muscle graft to keep the 
aerocele from connecting with the ventricle and thus to prevent the 
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development of a cerebrospinal fluid leak In all these cases, the contin 
ued use of sulfanilamide by mouth is advisable to offset any possible 
infection 


Poatoperalne Complications 

Patients who have had serious gunshot or shell wounds of the brain 
and have been operated on should have their wounds looked at carefully 
every day for a period of ten days to two weeks or longer if possible 
If obvious infection is developing, as shown by puffiness and reddening 
over the operated area, the wound should, of course, be reopened prompt 
ly and left widely open, guttapercha or some other rubberized type of 
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another pulmonar}- complication. It is imperative to have some form 
of suction apparatus immediately available on all wards where uncon- 
scious or semiconscious patients are situated, because the collection of 
mucus is a serious matter that must be attended to promptly and fre- 
quently. 

With the late complications of head injury, such as brain abscess, 
post-traumatic convulsions, headaches, dizziness and neuroses, this dis- 
cussion does not presume to deal. 

Sitmntarr 

In the treatment of gunshot wounds of the brain, stress should be 
laid on such prophylactic measures as can he instituted, particularly the 
use of tetanus toxoid and of the sufonamide drugs. The second impor- 
tant feature is the urgent necessity of getting patients quickly to a 
hospital where complete operative treatment can be carried out for 
wounds that require such treatment. In general, the earlier these wounds 
can be treated, the better will be the chance of preventing subsequent 
infection. Certainly, whenever possible, patients should have their com- 
plete operation within twelve hours from the time of injury. No avoid- 
able delay for other purposes can offset the advantages of early oper- 
ation. Finally, a careful, complete and painstaking debridement of the 
wound, both of the skull and of the brain, should be carried out, prefer- 
ably by those who are well trained in this type of surgery. 
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ImAI^ INJURY IN WAR 

Bi FOSTER KENNEDY, 31 D 
^eu. Ycrk, A Y 

Rcccnil) It has been pro\ed expeitmentallj bj Dennj Brow a that a 
head injur), m order to produce uncoasaousness, must cause an accelera* 
uon o( movement o£ the bcain^ either positively or negatively, to the 
extent of jt least 28 feet per second Such shaking of the brain usually 
docs not occur if the skull is penetrated by a metal fragment going at 
high speed Tlicreforc, a man injured m this manner, if unconscious 
immedntely, has usually been made unconscious, not by the impact of 
the missile but by the missile having ploughed through such an extensive 
area of brain tissue as to make it extremely unlikely that he can be saved 
On the other hand a nonpenetrating blow on the head will often produce 
immediate unconsciousness without necessarily having destroyed or per 
haps cvCTi injured permanently any brain area In fact, 1 have seen an 
offuet suddenU go blind during the last war, who denied to me that 
he had Ivecn hit AU he knew was that daylight had been replaced 
hv complete blackness When I found the pupils fixed, I knew his 
blindness was organic, but I faded, m the trench, to find any sign of a 
wnuml on the scalp Later, at the casualty clearing station, a tiny, cces 
cent shaped, red hairline was found above the hairline on the temple 
and tray exammition revealed a minute sliver of steel placed sc^iiarely 
111 the o\ tic chiasm 
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or sulfapyridine; debridement should be elfected as well as possible. 
(5) Antitetanic serum should be given. (6) Treatment for shock 
should be instituted immediately and operation ought to be delayed or 
twenty-four to' thirty-six hours. Patients should be sent back to where 
.v-ray facilities ate available and then operated upon Such a head 
station" should be as neat the front area as is , 

If the injury is treated early, the wound promptly filled with sul- 
fanilamide and if it is not too large, the patient wi 1 ^ 

It is now possible to treat such patients with a cl°-d opera ion the 
scalp being undercut and closed with interrupted 
rhages from dural vessels mosquito clips are bes ; *e an r fo 
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paranasal sinuses are involved. Suck out the blood e'ot ■" ‘be o 
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that in one case pressure fell from 275 to 80 mm wittiin t\vent> minutes 
after the use of concentrated blood serum, risinc later to a normal level 
of 110 

Although m the last war the mortality rate after brain injury was 
said to be 60 per cent, I myself thought it was more I saw somewhere 
that Cushing by means of his techmc had lowered it to 28 per cent, but 
this was probably only on his own cases 

I remember, just after the battle of Messitics Ridge, I met Sir Anthony 
Bowlby on a road near where Cushing had been provided with a head 
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and has its limitations. 

The following are a few suggestions: (l) The bladder of any 
unconscious patient should be closely watched. (2) Sulphur containing 
drugs, like epsom salts should not be used i£ sulfanilamides have recently 
been given. (5) Where flying ambulances are used, patients who are 
receiving sulfanilamides or related drugs, should not be transported at 
high altitudes, lest sudden death occur from lack of oxygen. ( ) 
Patients with compound fractures into the nose must be instructed not 
to blow the nose. (5) When burns occur, hydrosulfosol may be used 
as a spray; diluted 1:20 it may even be used for the eyes. 

At the beginning of this discussion, 1 tried to out me a procedure 
for penetrating head injuries. I should like, in conclusion, o add a 
similar outline for the care of nonpenetrating head “Ptf- ( ) 
ment of shock by the intravenous injection of 100 cc. “f 5 P 
hypertonic glucose solution or blood serum as already describe ( ) 
luLar puncture for diagnosis and treatment; (3) ^ 

tonic depose by vein to reduce increased intracranial pressure (100 ^ 
of 50 per cent solution, three times daily); (4) ^ 

sodiobenaoate, T/a gr. (0.5 Gm.) every four ^ 

(5) rectal taps of 25 per cent solution of dextrose ^ 
every four hours; (6) elevation of head o e oroiiressive 

them; (9) the performance of '#1 subtemporal de ompressjo^ ^ 
comatose patients with marked papilledema, w unromplicated 

aforementbned procedures -"■■'"‘'’see lays; and (10) unco p 
depressed skull fractures may be eleva ed after the acute stage 
has passed. Surgical interference in this group may often be y F 
poned for many days. 
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the cranial mass by means of the orbital processes of the frontal bone^ 
fttow on the exLnal wall of the orbit pts stout res.sunce as 

tlf^f 10 e^rr. 

— iri:: ^ 

rjtre" nature has provided an eac^en. “j. 

blow having sufficient force to cause a . ^ internal 

formed by the sphenoidal and spheno-maxtlla^ twe Becau e of the 

wall is protected by its fellow of the oPPO*‘ wall it is 
thinness of the superior wall and its cont.nuat.on as orb.tat 

most often injured. .... Imoortant orifices. Let 

The vulnerability of the orb.t easy entrance 

us first consider the base. While at firs y ^ j by a slight 

for any foreign body, this open ^P«' It is' certainly 

tilting of the head, up or ^ janger will not assume 

reasonable to suppose that any in ivi u g 

a perfectly erect position. The Q.^axillary fossa. But the 

foramen, the sphenoidal fissure, * P‘ be considered a barrier; 

internal wall covering the ethmoi jesisting power is practically 

it is not a direct communication, die optic 

nil, so that sanguinary effusions easiy producing orbital liema- 

fcramen, sphenoidal fissure, and ethmoids, producing 

tomata and exophthalmias. ^ ready means of 

The pterygo-maxillary fossa is re a i rotromaxillary and 

munication between the contents of and in the opin- 

jugular regions. According “ ^ experience confirms 

ion of Dr. Felix Lagrange, which my ^Pj p„is will 

a missile penetrating into both the fac ^be pterygo- 

produce vibrations that are transmi e produced. First 

maxillary fissure, and a commotion m th ^ d ,f 

the eye is proptosed, the optic nerve a posterior part of t ie 

the force of the missile is great a nip j^ppPes to this 

globe may take place or an ,he rctromaxillar)' and 

region can also affect important s ru 

intcal pictures f*- - • . ^ 

of them's; Se muStrecall to cur minds the stmcmies 


region can also attect impuiw 

jugular regions. . . -rp+nres produced by "Oim s 

In order to understand the dmical ,b,, enter it. 

of the orbit we must recall to P"'."""* " p„,,lcs. A 
and in war wounds we find many interesting F 
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posite picture resolving itself into various injuries of brain, bone, nerve, 
and blood vessels is produced, and there are often added symptoms of 
many degrees and all kinds of mfections They are fantastic lesions 
comparable to a crossword puzzle whose solution can be solved only 
by a thorough knowledge of the anatomy of the orbit 

Surrounding the orbit are three unportant foramina, namely, the 
supraorbital, infraorbital, and foramen for the malar nerve Within the 
orbn are the optic foramen, the sphenoidal hssure, and communication 
with the pterygo maxillary fossa If we reflect upon the important 

he comnlex" *<=‘1 function 

natlTcTunrh “ “a"'’ ““■‘i‘>ration of the minute 

anatomy, cannot be entered into in a treatise of this kind 

m tt skuTr" run ®1 |"Tm '*■! "’“a'""" f™u<f 

throutrh the strurn ^ ^1 'zi ^ individual at once, or, passing entirely 
ha” pretu 1 m ' a' pmtures which i 

in the head, in my experience is ^' 1 ' 

of Its jacced contour ih.« ( ' shell fragment Because 

considerable reTisUn ' 1 explosive shell meets 

next most Lquemll enctnr The missile 

the shrapnel ball prom an ent. remain in the skull is 

of destruction seems to me to be^oh^Hl' 

that fragments of the hichexnln^iv ^ venture to predict 
the effects of gas will be the f ^ ‘ S^n bullets, and 

The entrance Li r't of tt bX^ of'”' 

entrance m the skull we usnallv fin! ^ °f 

Ptodiiccs at the aperture of exit I" the spent bullet 

upon cMt In other uoids. there is nml ’’“''f *‘™eture 

on exit because of malposilioT! ir “ >="»nnce, but 

'"nilar t„ .a si„|| ^ ™lfo™at,on, the bullet becomes 

entrance v oiind of a lugh’cxplosife' sh'lr'^nf 
trace ling im,|, |„g,, hell Qf course if the bullet is 

and rtrougl, J at close range a clean through 


Br Felix Fact produced 

'elated man, nphllSe Xui™' '■"“ “f- 
He found lhat ccitain fiindns iXT ^“tSeons 

' etes that Ihere ,s .a ,e “ „nsh" T ’=>' “ncussion and 

J'^tders produced b, f„re,g„ boj “ ,!"P “eular lesions and 

«her aaords ■'llie same disorLs jtil ‘'™>' ^'™e>nres In 

lestons „,e o,c- As a cn„seq„e„ce he f!!"T"^ 

^ he formulated certain laws, based 



Some of the Most Important Ocular amt Oibilal Wounds m War 
on clinical evidence, to which the interested reader would do well to 
refer.* = Briefly they are as follows: 

(1) The concussion ot nir by an explosion let 

;nlb„.o,c enlilies ol .b.s 

. *u .n-Wf iniurinc the frontal bone and 

(2) When the missile passes above ^^ytal vault at the 

,hc anterior cerebral region, it , fissure causing disorders in the 

level of the optic foramen and 

sensorj’, motor, and optic nerves face below the eyeball, without 

(3) When the missile *^™“^cturing it, it produces lesions by con- 

going through the orbit and without ’ ^his is the most frequent 

cussion, affcctinB the eye in the region o 

cause of loss of acuity of centra! vision. oartiatly crushing in the 

(4) When the missile has fractured t^ i„ the eyeball serious 

wall without injuring the eyeball, there ruptures. Macular lesions 

concussion injuries, macular lesions. TUerc also exist peripheral lesions 

occur irrespective of the wall damage . injured by the missile, 

always scaled in front of the orbital wall ^ted, and thrnst on 

Probably the orbital wall is fractured, at the eji,t, or not 

the eyeball, producing a lesion by , i„„ af the inner membranes is 

we have always observed that the peripheral lesion 

always situated in front of the I**'* arbit. the eyeball not being n- 

(6) When the projeotlle ‘'’7f„^aaer S those which result front 

volved, the same disorders ate produced g jj,a aplic nerve 

the lacerations of the e''e“”>.,f".''‘‘"',™led as » tom away (avulsion of the 
is often severed; and the papilla is a 

optic nerve) . . -veball ungentially without rup uri 

(6) When the missile 8““ |,i,al wall being driven 'h "P“f 

It, or when the globe is contused y contused spot 

there arise immediate disorders in aroUferating retinitis) ! the 

lacerations with retinal detachment ano p injured alone, 

region is olten involved in the damage but 

In discussins the first group ocular wall, pro- 
lesions ate induced by a column lesions by concussion 

ducing lesions at the posterior P°w- violent concussion of the 

are situated in the uveal tract, an /choroidal rupture or con- 

eyeball this tract gives way ‘"f “ ,f<,,oid and retina (this -s 

cussion lesion. A rupture of both the ^ traumatic pro- 

portant) produces lesions by contac , “ proliferation. We 

liferaling choroidoretinitis, not a *=‘'novitr™us p 

seen a number of such cases of contact i J ;t rvas the custom 

lections of two concussion lesions. , * j,. _.,„j bring back various 

of the men to sneak out over the P “IS ^ it exploded, 'i mg 

souvenirs to Paris. Once, out hospital. Two o 

a number and sending four or five woun the face; )e 

the men, while wounded in the dies , 
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there were typical concussion choroidal lesions at the macula, the lens 
showing no evidence of injury 

The visual disturbances in the second group of cases are self explana- 
tory, but in most of our cases optic atrophy was often associated with 
other nerve lesions 


In the third category the lesions are injuries received by a missile 
at a distance, producing macular lesions due to the transmission of 
vibratory concussions to the orbit through the medium of the pterygo 
maxillar fossa and fissure The situation of these lesions at the posterior 
pole IS due to the delicate structure of the macula and the attachment 
or the optic nerve 


The fourth group of facts needs Irttle explanation We have a 
macular lesion and a choroidal and retmal lesion m from .f the frac 

ruDturrth t* I choroidal and retinal 

^In proliferating choroidoretmitis 

tefr 1 r ' »hall drscuss rn 


are’reptentfdi7~ptmro?'ht"ch”'“d"' 

missile graaing the eyeball withn t ^ '’P “ 

contused spot in the eyeball f i“PI“img it, inducing from the 
pole In Ls Iss o/ „ " P°^‘''‘°' 

proliferating choroidoretmitis the en^ “ traumatic 

the choroid and retina ^ laceration of 

.nfec,i:r;X:r”-“j*'^^ ^ .ay cons^er 

riiagic processes produced by raissilT'we h 

brain surgeons will ,eadily Lalne that rh *“1 neurologists and 

peace time pathologic processes ® lesions of war injuries and 

there is decidedly a mote ranid i>P“i In our experience 

due to ■niuries than Tthose'^f hemorrhages 

seen some detachments of the retina uT*" have also 

rest in bed, as the classical operalmnsT'^ j ^ reattach by merelj 

at the time of the first World War iletachment were not in vogue 
In civilian ophthalmic prartice w, , 

<n regard to the neurologic examinaH^ inclined to be so fastidious 
ophthalmic examination, all iniuries of military 

as coincident to orbital injuries and th ^ oyeball should be considered 
Iea^e definite neurologic lesions such majority of cases 

anesthesia, hyperesthesia, and 
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muscle spasm, their location being determined by the pathology pro- 
duced in the structures involved. 

In any injury of the eye or orbit I would suggest t e o owing 

routine method of examination. .u „ 

1. (a) Examination of skin around the orbit for areas of anesthesia 
or hyperesthesia, (b) Look for spasm or para ysis o 

ocular muscles. , , , . /k\ 

2. (a) Palpation. Determine if there is cerebral pulsatio , ( ) 

loss of bone substance; (c) exostosis. 

3. (a) See if there exists exophthalmos or anophthalmos; b) brm t. 

4. (a) External examination of the lids and 

Lamination of orbital margin for “Laming 

tissue. Inspection for infected sinus (other than those coming 

from the ordinary sinus of the skull). vitreous and 

5. Examination of media, cornea (sensitivity), 

6. D^etination of vision; charting of fields; mapping out blind 
Spot; charting scotomas; testing co or vision. 

7. Testing the muscle balance. romoare the 

8. Auscultation, (a) Bruit. hen a stethoscope is 

sound of the spoken voice of the pa len eye with 

placed directly over the closed eyeball of the 

of I.niniured eve with a stethoscope P . „ 


Sai of the uninjured eye with a ^Jethoscope d, 

In our experience sometimes or ita co p j^ee when 

presence of a missile may increase the vocal 

tested in this manner. . ..npciallv for intra- 

9. Nasal examination; careful examinat P 

nasal adhesions. 

10. Mouth and oral examinations. j yyhen 

11. X-ray. Determine the exact location of the foreign^ 

this refinement is not at hand we ave ^ important, and 

12. Probing. This procedure to my mi necessity of a 

eliminates in a great majoti y fragments. 

Kronlein operation for the remova „ of the entire 

13. Complete nLrologic examination and fluoroscopy 

fiody. . . , that are compam- 

Five unusual conditions ate found rn war su b choro.do- 

tively rare in civilian practice: 1. ^^^/Lippharospasm). 3- Avu 
retinitis of Lagrange. 2. Spastic ent;“Pj (“td false)- ?- Hematic 
sion of the optic nerve. 4. Enophthalm ( 
pigment ring of the disc. 
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Traumatic Proliferating ClioiciHlorctiiiitiB uf Lagrange 

This condition is produced bj a missde striking the wall of the 
orbit fracturing it or by its stiiking a glancing blow of the e)eball 
without rupturing it Such in injury produces wa\es of force that are 
transmitted through the orbital fat, resulting in a concussion of the eye 
ball Secondarily there is produced a rupture of the uveal tract result 
mg in hemorrhages iinolving the choroid retina, and possibly the 
retinovitreous spaces The site of the lesion is not retino vitreous, as so 
often occurs in young individuals with recurring hemorrhages The 
terminal picture is a connectne tissue proliferation with the formation 
of fibrous tracts, the choroid being the productive factor in this unique 
lesion ^ 


Spaatic Enlropiit Blepharospasm 

This condition often comes on after postoperative convalescence and 
IS induced by nutation or traumatism to the infraorbital nerve It is 
usually caused by a foreign body situated behind the eyeball near the 
apex of the oibil Sit Herbert Parsons has advocated, and reported 
successes by resecting the nerve in the orbit The following opera 

einett resuUs”'" " -‘h 

IhJ The eyeball is anes 

mt"u„tte - 

infiltration ,« c .u “ ^ ordinary injection of nosocaine 
diss 2 e ir : T ‘he muscle and makes the 

made .„ .hel”2^^^ T”', ^ext an incision is 

of the palpebral fissure TTie margin, and the length 

joins the first the largest mdth j" ”"''"h’“ “escent shaped incision 
The skin IS dissected free ' d lV 2 Tuu ^ ”” 1 B) 

shown ffip 1 ry Thts a xposed fibers of the orbicularis are 

seeled Fiire lb shows ttTia'Pff *= that is to be dis 

the manner in which the sutures ” Figure 1 E illustrates 

in the skin of the up2 They are first placed 

the tarso orbital fascia grasping hi ^ direction in 

bite should bisect the enfraurSd ex22 =' 

the wound closure suture Figure 1 F shows 
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A\uIsion of the Ner>e 

This ophthalmoscopic picture is rare in civilian practice but occurs 
in the majority of cases of suicide During my service I saw a complete 
avulsion of the optic nerve in both eyes caused by a machine gun bullet, 
and I am positive the patient did not die of this injury In an injury 
that produces an avulsion of the optic nerve there is a profuse hemor 
rhage which rapidly absorbs The disc appears white and blurred, 
often excavated and is usually surrounded by the characteristic trau 
matic proliferating choroidoretinitis or fibrous plaque This mat com 
pletelv or partially fill the excavation In the latter case we are in all 
probability dealing with an incomplete avulsion of the nerve The 
pic ate somevvhat simulates a congenital coloboma of the disc but in 
avuhion of the nerve the blood vessels ace characteristic appearing 
armiv n? '“«"'•>>>"? l°n£ -hite cords Tht 

dur^hn I" “V cases it had a 

wa due to tS'u'T “ ““ P“>>»bll.ty 

become duU Ihe T'"' t 

vv.trthe vftliTv b a i“ “ ^“P'^ propinquity 

and iftotX unlike t. miss/ 

tion of effused blond retinitis proliferans due to organiza 

endmg free Tn th *e projit.ons 

secondary retinal delactoent"d/« Tof Cf'/nT 

adhesions that very closely cement the cho 3 a„“ etina “ 

Enophthalmo., True and False 

due’/r.„;:res's:!“bv / ^ ^ 

False enotihfl" “P’’"' disturbances 

of the orbit product/ a/‘’mi?r “ ‘l'P"'=““>n of one of the walls 
ondat) pushing in of the eveban'T/ln ^ 

hall may have a rather marLd u v*',' *e eye 

rhage but after a few weeks ™P''“'“''"''>a due to retrobulbar hemor 
false plosis due to faulty sum/rt ““P'ams of ptosis 

limitation ,n the ocular 010/0^/1/ “’’P" 

Hemaiie P,g„,„, 
inese are produced bv hPf«.,F 

and the ring IS created as a!rMneum °P'‘^ nerve 

hematic pigment The first migration of the 

IS usually a semi annular pan 
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central scotoma, which is followed by a blackish red pigmentation around 
the scleral ring. Both scotoma and pigment ring sometimes have a 

"rro":: Cresting cases that we have encountered are reported 


herewith. 

Case 1. Figure 2. The following autopsy report 
explanation Only relative data are given; 


needs very little 



T (t 

g. 2 made Sfand we 

Area of bone loss can 


Autopsy No. 126. American Joseph BlaU, 

Amerxcan Red Cross Mdtiary Hospital .-vo. 


Name: L , P.G 

Orgamzation: F Co, 30th Engineers 

Date of death: 19 Dec. 1918, 3 pm- 

Date of autopsy : 19 M C. 

Pathologist: 1st Lieut. K. W. Hundlmg, 

Rank: Private 

Age: 21 Race: White 

Place of death: A.R C.M.H. xfo- 2 

Place of autopsy: -do* 


Command' 
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anterior and posterior ethmo.ds after the alae nasi had 

b) an incision along the nasal cheek groove This 0P™“°" S 

beautiful vievN of the interior of the nose and P™‘ 

submucous resections in the clinics of Pans during i t 

With careful suturing there is practically ™ ‘^^^^fof war 
^ j < w/lii rhts was not a case ol wai 

Qise 2 Tigures 3, , The oatient J M , was wounded 

in,ur) I feel |usti(ied in ^ jammed by me one 

With a shotgun in October, 1926 He 






Fib 3 (Ooherty) Cg« 

From the New YorK i^y 

firmary taract and the 

>ear later The eye was quiet, there was a tr foreign 

hght projection was faulty He ha ee pj A careful loca 

body m his eye but that the optic York Eye and Ear Infirniary 

oation b> Dr George S Dixon of the Nev X ray report 

proved this to be false (see fig 5) r counte 

returned One hundred and twenty nine an on 

the right side of his head, face, and nee , numbers 1 and 

fragment were located in the globe fefused an) operate 

Numbers 3 and 4 are rn the orbit The pa =" ,„,u^ the r ght 

tnlerference at this time Four years aft r 
eye became red and painful, and he aga ^liamber, an ms 
showed a large hemorrhage in the an 
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attached to the anterior capsule of the lens, the lens to be cataractous 
and the eye soft and shrinking The X ray examination confirmed the 



Sfirmaty “'J Ear 
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ot to hin'd 


Fig G (Doherty) Case 3 A, ' 


Av V, remnani; oi ••• '•v— — 

«.ste„ce of the fote.go bodtes and be^us^f 

rsrssrx^hr «,... . '. •< - 

intraocular foreign body 



Infirmary 
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Case 3 Figures 6 and 7 In 1921 the patient, J L , while engaged 
as an agent of the Federal Gorernment ttis shot from ambush The 
bullet entered the skull just abose the orbital ridge of the frontal bone 
on the left side He was taken to the home of a phjsician who rendered 
first aid and was later remosed to New York The X ra) examination 
showed the bullet to hare datlened in the orbit apparentl) without 
rupturing the ejeball Four )ears later (1928) he consulted me Exam 
mation disclosed a convergent strabismus with a traumatic cataract 
The pupil reacted to light the light projection was fault), but the 
tension of the e)e was normal The patient complained of pain m the 
orbit so I removed the largest piece of the bullet but was unable to 



find the smaller fragments For r 

was performed with an excellem”^™!"^ cMsons an operation for squint 
I was again consulted This time * t, operation 
of iridocyclitis the tension was Pnnsnnted marked evidence 

Following the removal of the eve ^ advised an enucleation 

found A remnant of the bnnv « 1 oxtraordinary situation was 
the eyeball (fig g) -phe presence'ISrtt.''* 

was not revealed by the X ray but m ‘’“"F f“oign body 

the accident it could not iL "“‘“td from the time of 

choroid as is clearly indicated m ossification of the 

Case 4 Figure 8 The t “™ttation 
Thierry drive There was a’’i!i^d'!!.%"°™''=‘J '’"'■ng the Chateau 
1 Sged perforation of the lower lid but 
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the e)eball certainl) gave no indication of what had happened Exam 
ination sho^^ed a slight exophthalmos with a marked ecchymosis of both 
upper and lower lids There was a jagged perforation of the lower lid 
with some loss of tissue On separating the lids the cornea appeared 
normal, and the anterior chamber was completely obliterated by the 
hyphema, the tension of the eyeball was minus, and there was no 
perception of light The X ray disclosed a machinegun bullet which, 
ricocheting from the front, struck the lower rim of the orbit, producing 
a fracture, and penetrated the posterior part of the globe where it 
remained embedded about half in the globe and half in the orbit 
Needless to say the eye was enucleated and the machinegun bullet 
extracted This was one of the many freak cases that I encountered 



Fig 9 (Doherty) Case 5 X ray show 
mg piece of high explosive shell in apex 
of orbit 

Case 5 Figure 5> This case presented a partial avulsion of the oplic 
nerve with ophthalmoplegia externa, later followed by neuroparalytic 
keratitis The pathology was caused b> a piece of high explosive shell 
which entered just behind the superior external angle of the orbital 
opening It literally plugged the apex of the orbit With a probe the 
tract of the missile could be traced The foreign body was extracted 
Case 6 Figure 10 The missile m this case entered the sk-uU just 
below the eyelid, producing a fracture of the left inferior external orbital 
wall It penetrated the orbit from below upward and was removed in the 
region of the lacrimal gland The fundus presented maculsr and peri- 
papiUary choroidoretwitis (concussion lesions) 
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Case 7 Figure 1 1 A small particle of high cxplosnc shell prorluced 
a fracture of the frontal sinus on the right side It pissed along the 
intcrnil wall of the right orbit traierstd the superior maxilla and roof 
of the mouth and finall) lodged in a lateral part of the neck Vision 
was 20/20 and there were no fundus lesions Needless to saj the shell 

d^:ia"frr rfZ'ltnus"' ^ 



fields in Italy whtn ht' pw"!, ^ “"p of the battle 

^ «.nglg sensation" rhrlr'^" '' "> 

gave the eye was to bathe it m hof treatment he 

red for a few weeks and then *li**""^ solution The eje remained 
years following the accident he hTd o‘° "'T ‘'°™ °“""S '*’= » 
pain lacrimation and photophobVa lao"““c'' 
weeks but received very littirm A i to several 

Vork Eye and Ear Infirmary for an'^. He came to the Neu 

of vision m the right eye and wishedTT'™ ^ diminution 

his vision which was reduced to >">Ptove 

due to organized exudate on the ant^ reduction of Vision was 

to previous attacks of rr.iis A ‘“s secondary 

At lamp revealed a small nodule ^'th a 

the rris at the 7 o clock positron The ‘‘PPottrance situated in 

but because of the history of an ” ™'>™“ of stderosrs 

an X ray examination was 
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made, which showed the nodule to be a small encapsulated foreign 
bodj It was not magnetic, so the anterior chamber of the eye was 
opened with a keratome, the nodule grasped with iris forceps, and re 
moved through a small iridectomy opening 

This case emphasi2es the fact that many of the so called red or 
inflamed eyes that have been treated for various types of inflammation 
sometimes prove to contain foreign material that has existed for years. 



L 

Pig 11 (Doherty) Case 7 X ray show 
ing small particle of high explosive shell 
lodged in lateral part of neck 

Its presence flnallj detected only by special technique with careful X 
ray eximination 

Much discussion has been devoted to the question of the tolerance of 
the eye to various kinds of intraocular foreign material The preserva 
tion of a useful eyeball under such conditions does not depend upon 
the actual invasion of microorganisms but upon both chemical decom 
position of the substance and mechanical irritation AH aseptic foreign 
bodies after a time decompose or become encapsuhted and their presence 
v-ithin an eye will ultimateh lead to its destruction or produce a marked 
loss of visual acuity Certain tissues of the eye miH react differently to 


125 



War Medicine 

foreign bodies The ins and ciliary bod) usually react more scfiousl) 
to injury than does the lens or mucous and certain substances seem to 
be more of an irritant than others Copper usuall) induces violent 
inflammatory reactions iron if not encapsulated forms an oaidc that 

no“ manner” T‘“" 'hat is 

of s“ h subst" ’'“’'r “ r" "■= extraction 

InL ar 1 cT''“ •n^nipulation 

or pms'enro'f af^r 1" I"'""'' S'"” >'>= absence 

of the X rav that mTc" " 1 “reful examination b) means 

of a fom:;: boV; rns :;rx ' 

plottinp to determine the < i ^ suHicient, an acairate 

.n order to insure a successf„ra„emp'.'°," 1 'removal''' 

feste?bThlrrhttsTa«r"r^ '“TV" 

retinal ruptures A concussioV""* ‘^e choroid and also clioroido 
lowmg case is illustrative rucb a^TZ r'r:r 

LnSe 9 rjfjnrg 17 D ^ I , ^ 

tember la 1941 while usinn 

bucket and struck him in the^left es^ T"®" 

superficial wound of the skin of^h, “'“"''nation showed a set) small 
signs of injury to the lids com There were no other 

pattiall) dilated but did react si Vi 
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An interesting observation made bj Lagrange is that fractures of the 
cranium by projectiles of war, implicating the cranial vault, at a distance 
trom the orbit even when they ate accompanied b) large losses of 
substance and in consequence by well matUd concussion, do not give 
rise to fracture by contre coup of the vault of the orbit Contrary to vfhat 
IS taught in the classical literature the sphenoidal fissure, the optic 
oramen and the structures that pass through them remain unharmed 

^iuhamdirrares 
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Some of the Most Important Ocular and Orbital Wounds in War 
applying an appropriate dressing. At the front speed is very necessary, 
and no surgeon can or should tty to produce the classical picture seen 
in the well-equipped hospital. In fact no restorative work of any kind 
should be attempted until two to four weeks have elapsed. This state- 
ment also applies in the removal of bullets. A surgeon in the hrst-aid 
station should be warned against probing for bullets. He should be 
cautioned against removing any tissue and above all he should never 
remove any fragments of bone found around the orbital margin. His 
work after rendering first aid should consist of placing the mutilated 
parts back in as good position as possible and then put on a snug sup- 
porting dressing for transportation to the rear. Even if the globe js 
hopelessly injured any eyeball can be more skillfully enucleated after 
the ecchymosis and swelling have subsided, and I believe there is ver>’ 
little danger of sympathetic ophthalmia in allowing any mutilated eye- 
ball to remain in the socket for two weeks. 

In briefly discussing reparative surgery due to loss of substance of 
the orbital margins, three materials have been successfully used. First, 
cartilaginous grafts; second, adipose grafts; third, metallic plates. Car-, 
tilaginous grafts, so far, have proved their worth, and many operators 
have reported brilliant results. Adipose grafts have also been success- 
fully used, especially in filling up marked depressions. There is now, 
however, an alloy, vitallium, that is beginning to be extensively used 
by plastic surgeons for restorations. In my opinion, because vitalUum 
lies inert in the body tissue, molds of this alloy would give beautiful 
results in this particular type of work. 1 am inclined to believe that 
this cobalt chromium alloy has been somewhat overlooked by the plastic 
surgeons and has not been given the place it properly deserves in this 
very specialized branch of surgery. 

Cases and photographs were obtained while in the service in the 
A.E.F. as Captain in the Medical Corps, United States Army; attending 
ophthalmologist at Colonel Blake's Hospital, Pan's, France. 

REFEREXCrS 
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OPHTHALJUC CASUALTIES RESULTING FR05I AIR RAIDS 

By DOROTHY U CAMPBELL, M A , M.B , B S 
Honorary Ophthalmia Snrpean It, Cavtnlrv am! trancehiihirc Hnpital; 

Ophthalmic Surgeon, Wanitek. Hospital 

We are now becoming famihar with the types of ocular injury which 
result from air raids They usually ocoir m conjunction with other 
injuries and are regarded as of secondary importance, particularly dur 
mg the first few days of treatment 

Types of Injury 


There appear to be three mam causes of ocular miuri ( 1 ) explosive 
mcendtary bombs, (2) the sudden compress, on and expansion of the 
atmosphere caused by blast, (3) direct blous on the eye 

anJ problems of treat- 
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TwTofesT'’'"”; ‘V “P''"’”'"”" large cities 
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Effects of Incendiary Bombs 

bpl^fX' boXtlnar^^r “ r “ 

eyelids, coniunctiva^- a embedded m the 

bodies were removed ^1’™='^' possible the foreign 

atropine was instillpd A u immediately, flavine oil and 

was’^ible To r“u tn homr " ""'P ™ ‘he pattent 

weeks “““‘It t^came qu.et tn one or Pvo 

and usually both cyerwerTlfctri” ThTTlJ 

and the corneal epithelium a conjunctivae swelled 

the foretgn bod,rt!'™:;rr;;''™ "r 

pain and had to be removed tf> c k u patients suffered severe 

tecovery It was loZt “ L^eeTt''' 

ointment gave ereat relief m metycain and merthiolate 

the cornea Atfopine “ a^J ^my ,11 effects on 

collosol argentum drops were emol saline lotion and 

the foretgn bodies a 4 at a time I to remove 

were removed from both corneae a w "'*'■* a large number 

tion followed within forty eight bom, Tn “'“'P “ ttlarming infec 
there was a general rise in 


130 



ophthalmic Casualties Resulting from Air Raids 
temperature, and a corneal abscess and hypopyon developed in both 
eyes. Large doses of sulphapyridine were given, followed by graduated 
intravenous injections of protein-shock T.A.B. Both eyes were retained; 
one had 6/12 vision, but in the other there was a perforated cornea. 

I \\'as impressed by the softening of all the ocular tissues. In addi- 
tion to the softening of the cornea I noticed a persistent oedema of the 
conjunctiva; sutures put into flaps to cover a perforating injury very 
quickly cut out, and many cases showed lymphatic blebs in the conjunctiva 
which persisted for weeks after the injury. The sclera, too, appeared 
to be oedematous, for two cases in which deep burn penetrated to the 
sclera, developed a spontaneous rupture, and prolapse of the vitreous 
several days after injury. Secondary infection was rare, but in one case 
a most intractable attack of superficial punctate keratitis occurred. The 
resulting vision was usually good, except in the few cases with infection 
of the cornea, but the eyes remained irritable and injected for many 
weeks, and there was permanent staining of the conjunctivae. 

In addition to the injuries already described, incendiary bombs often 
caused burns of the eyelids and face which were usually superficial and 
which were best treated with sterile petroleum jelly. This facilitated the 
dressing of the eyes and retained the mobility of the lids. 

In contrast to these, deep burns of the eyelids occurred in conjunction 
with extensive burns of the face in firemen and A.R.P. workers directly 
exposed to fire. The eyes themselves were usually uninjured, and this 
enabled the gentian violet-silver nitrate treatment to be used in the first 
instance, followed by petroleum jelly when the loii'er lids became soft- 
ened by lacrimation. Contraction was very apt to occur, and necessitated 
stitching the eyelid margins. After three months two cases w'ere treated 
successfully with Thiersch grafts. 

Effects of Blast 

Some peculiar effects on the eye of sudden compression and expan- 
sion of the atmosphere were noticed; (a) Proptosis due to a sudden 
retrobulbar haemorrhage causing immediate total loss of vision: the usual 
signs of evulsion of the nerve were absent, yet subsequent optic atrophy 
occurred, (b) Extensive intra-ocular haemorrhage either from an iri- 
dodialysfs in which the iris vessels were torn through, or from a 
torn retinal vessel, (c) One or more ruptures of the choroid appear- 
ing as crescentic tears near the optic disks; these were quite different 
from the familiar contusion changes of the retina and were accompanied 
by small haemorrhages at the macula, with loss of central vision, (d) 
Aaite iritis and acute secondar)’ glaucoma occurred in several cases 
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alxjut a \'cck after injun Thc$e were slow to recover Investigations 
v.crc maJc for anv constitutional factor, but the) appeared to be due 
cntirciv to iraurm 

hlTret!) of Direct DIov^a 

Petfoiating injuries of the oiinea and rupture of the sclera from a 
direct blow ucrc common injuries and usuall) the c)e had to be re- 
moved Several cases showed a severe traumatic keratitis with multiple 
folds in Desccrnct s membrane Although the cornea cleared vvcll there 
were alwajs asscKiaied contusion changes in the retina, particular!) at 
(hr maaila. giving nst to defective vision Several cases of penetrating 
wounds of the svtbit osairrcd m which large particles of wood and 
glasc were buried deep in the (issues, but tlic sinuses healed up well, 
as did wounds of the esclids Thcic were no cases of intraocular 
forcicn Ixnhes rcqiiirini; the use of the maqnei 



THE DANGER TO THE HEARING APPARATUS 
IN MODERN WARFARE 

By WALTER A. WELLS, M.D., A.M., E.A.C.S. 

IT'osMnj/ton, D.C. 

The object of this discussion is not to produce undue alarm but to 
point out and emphasize before it is too late the extraordinary haaard to 
which the hearing organ is exposed by the implements and methods of 
modern warfare. 

We stand aghast, and rightly so, at the destruction being wrought 
upon great buildings, great institutions, great centers of science, culture 
and art. But it is of importance that we realize too that destruction is 
being wrought upon personal values — upon man himself. 

It is right that we deplore the loss of great masterpieces of art, the 
highest achievements of genius. But we should understand that in the 
loss of hearing we are losing a great masterpiece of nature, the highest 
achievement of the evolutionary process. 

Biologists tell us that the hearing is phyJogenetirally the latest and 
most elaborately developed special sense. Certainly no one can view the 
complexity of its anatomical structure without being profoundly im- 
pressed, and as to its function, when we consider its sensitiveness to 
sounds (even to the infinitesimal faintness of 1/1000 of a dyne, equiva- 
lent to one billionth of atmospheric pressure), together with the ex- 
traordinary range of intensities to which it can respond (up to one billion 
times the threshold value), and when we consider the number and diver- 
sity of its sense qualities, we feel that we may rightly claim that here 
indeed is a consummate work of nature, not surpassed by any consum- 
mate work of art. 

But what is more to the point is that it is of great practical value in 
the human economy, and what is especially apropos in this connection 
is that it is of vital importance to successful warfare. A soldier without 
hearing was never at any rime more than half a soldier, by reason of his 
usefulness in detecting the approach of an unseen enemy — and today this 
is truer than ever before. 

The recent remarkable scientific advances growing out of the discovery 
of the electrotonic valve have made the listening device an indispensable 
equipment in modern defense, especially for submarines and airplanes. 
The principles of acoustic science too are much utilized in signalling and 
in the field of communications in general. Furthermore, it is the well- 
trained sensitive ear that first detects significant variations in the vibra- 
tions of a motor, whether it be of the submarine plowing the depth of 
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the ocean or of the tinh hurr)ing o\cf the surface of tlic earth, or the 
plane navigating the regions of the upper air 

Now noise is an inevitable b) product of tlic machine, and unfor 
tunatel) as we have learned it is at the same time a dcidlj poison to the 
ears The more powerful the machine, the more intense the noise— and 
It has been proved over and over again that if tlie hearing organ is ex 
posed to sounds of verj great mtensit), or for too long a time or too 
often to sounds of moderate intcnsit>. the dchcalc sensor) nerve cells 
of the hearing organ become paral>zed and ultimate!) degenerate 

Is It not the bitter iron) of fate that tlie madiine made for the 
destruction of the cnem) often turns its destructive force upon its 
master, wounding him, as it were, in a way to weaken his master) > 
There are certain considerations with regard to the evil effects of noise 
u^n the hearing apparatus that render it a matter of grave concern 
They are namel), that ( 1 ) noise deafness in the presence of the active 
cause tends to grow progressive!) worse. (2) tlut it pursues an insidious 
stealthy course m that direction and (J) that having once readied an 
advanced stage, recover) is impossible 
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h becomes sometimes secondarily involved m diseases and injury of 
its labyrinthine neighbor, but on the whole it has a relatively better 
resistance. 

The chief causes of injury or disease affecting the hearing apparatus 
in connection with warfare are: (1) infection, (2) direct trauma, (3) 
excessive noise, (4) violent explosions, and (5) sudden barometric 
changes. 

1. As regards infection, it is to be hoped that the recent marked 
advances in hygiene, immunology and therapy will guarantee against 
the devastating epidemics that have scourged the armies of by-gone 
days. 

There will be, however, a certain danger as result of close personal 
contact, and in some instances crowding, and from exposure to cold and 
wet, over-exertion and fatigue. 

There will be the usual inffuenzal colds with ear inllammations and 
abscesses which may fare badly because of unfavorable conditions for 
treatment and recovery. 

2. Traumatism: There is the same danger as in former wars of 
injury to the eat by direct blows. 

Some part of the hearing apparatus may be involved in the thrust of 
a sharp weapon, or by a gun shot wound, or by the impact of a fast 
moving solid body, such as a shell fragment against some part of the 
skull. 

A severe blow upon any part of the head may result in fracture at 
the skull base, and here the petrous bone which occupies a great part of 
the base in the form of a relatively inelastic wedge often gets the brunt 
of the impact and gives way. The signs of a basal skull fracture with 
ear involvement are: bleeding from the ear, the escape of cerebro-spinal 
fluid by way of the canal, and paralysis of the facial nerve, in association 
with deafness, tinnitus, vertigo. From the standpoint of the hearing 
apparatus it is important to distinguish between the transverse and the 
longitudinal type of fracture. In the longitudinal, the line of fracture 
passes through the roof of the tympanum or antrum but misses the 
cochlea. There is often a considerable hemorrhage from the middle 
ear. The prognosis is relatively favorable. In the transverse, the cochlea 
is apt to be involved, in whidi case the prognosis is grave. There may 
be little or no hemorrhage. 

In any case of basal fracture the escape of cerebro-spinal fluid must 
be regarded as a serious symptom. This phenomenon, however, may 
easily be masked and overlooked when accompanied by free bleeding. 

The most important advice to be given as regards treatment of the 
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ear in all cases of basal fracture is prtttium non nocere The joung 
aural surgeon when consulted is very prone to feel that he is called upon 
to do something but the fact is the least intervention the better 

A blood clot should be left m place the ear should not be syringed 
Treatment should be confined to protecting the ear by simple antiseptic 
bandage Then with the patient put to rest we must leave the result to 
nature 


Concussion of the labyrinth without a basal skull fracture although 
doubted in some quarters is in our opinion a definite entit; The best 
proof of this IS the frequent observation of complete deafness on the 
side opposite from the side of the fractnte The exceptional!; protected 
position of the labyrinth however leads us to believe that it will suffer 
concussion only as a result of a ma|or blow and as a complication of 
concussion of the brain ^ 
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Jt has been found that the injufy is decidedly aggravated when the 
animals are so placed that much of the sound is conveyed by bone con- 
duction. 

Noise is an outstanding feahire of modem warfare. It is the necessary 
accompaniment of mechanized units and of expanded artillery. 

It is encountered on every hand. It is attendant upon eiforts of de- 
fense as well as offense, and its evil effects often fall upon noncombatants 
as well as combatant troops, upon civilians as well as soldiers. 

Noise, moreover, is a favored weapon in blitzkrieg tactics, because 
being biologically associated with the emotion of fear, it is supposed to 
strike terror into the hearts of the enemy. 

Two kinds of noise arc most in evidence — the sudden loud explosive 
noise of artiller)’ fire, and the steady grinding noise of motorized fighting 
machines, especially tanks and airplanes and warships. 

Drew Middleton, Associated Press correspondent, in a recent graphic 
description gives you some idea of the noisiness of tanks in action. To 
quote in part: "An inch from your face,” he writes, "is a telescope cali- 
brated for firing by the tank's 2 pounder and the Besa-machine gun. . . . ' 
The commander’s voice crackles through your earphone. 'Here we go!’ 
he cries, and the cruiser tank swings into action with a terrific grinding 
noise. . . . It’s like the engine room of a ship; every available inch is 
filled with machinery, levers, dials and ammunition. The steady clack- 
clack of the tracks and the pounding roar of the motor deafens you. . , . 
Curiously," he remarks, "the crew carries on efficiently and seems un- 
affected by the racket of the motor. They fire the tank’s 2 pounder on 
the range and the recoil whips past the gunner’s ears. There's the bang-’ 
ing of the semi-automatic breech opening. . . . Next the Besa-gun fires at 
full speed. The noise of its report is deafening. Bullets pierce the shell 
of the target like cheese and crash into a brick wall behind. After it’s all 
over you talk to the driver, who was a school teacher before the war. 
He says the firing doesn’t disturb him because he has too much to do.” 

Noise intensities are too often beyond auditory endurance. The 
upper limit of the human ear is gauged at its best about 130 decibels, 
beyond which sound becomes feeling, often a painful feeling. We have 
recently seen some data as to the noise of a modern warship; in the 
average stateroom, with full power on, it measures 80 decibels; in the 
boiler room, with speed 10 knots, 95 decibels; in the steering engine room, 
speed 15 knots, 100 decibels; in the boiler room, full power on, 125 
decibels! 

The rigid steel construction serves to accentuate the noise, and it 
favors transmission of the powerful vibration directly to the body, and 
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through the bone to the inner ear Such heavy steel framework is 
probably necessary to the defensne strength of the ship, but some means 
should be found at least to dampen the vibrations of the partition walls 
and floor 

In some machine shops thick floor mats are provided the operator to 
stand on because of their insulating value against vibrations 

Explosions A feature of the present war, which goes far beyond 
anything of the kind in previous wars, is the monstrous bombs dropped 
from the air over enemy territory Exploding with terrific effect they 
level to the ground buildings of supposed Arm foundation 

Professedly aimed only at military objectives, they are nevertheles< 
destroying monuments, museums, institutions of learning, private resi 
dences churches and hospitals 

Many peaceful citizens too are victims, and when they are not killed 
they are often visited with what is comparatively a new kind of disability, 
a loss more or less severe and more or less lasting of their sense of hear 
ing~m some cases sad to say, a complete and permanent annihilation 
or that treasured faculty 

We are beginnmg now to get some medical reports of the subject 
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The Danger to the Hearing Apparatus in Modern Warfare 
pletc deafness even from the mere explosion of a fire-cracker close to 
the ear. Complete deafness does not occur from a mere middle ear 
lesion, no matter how severe. What organic change occurs in the inner 
ear structure is not exactly known, but m some cases hemorrhagic extra- 
vasations have been found in the nerve elements, and in some cases 
the ncn.’e elements appeared to be torn or displaced. 

In regard to treatment, the most important is prophylactic. Ear 
defenders should be worn by all those who are in imminent danger from 
exposure. A good illustration of the value of some sort of sound damp- 
ening in the ear canal is to be found in the observation that those indi- 
viduals whose ears happen to be filled with an accumulation of wax are 
less likely to suffer than their wax-free neighbors. Ear protectors are 
helpful even though thej' afford only a limited insulation owing to the 
fact that auditor)’ sensation is not directly proportionate to the intensity 
of the sound. 

It follows rather the Wcber-Fechner larv applicable to all sense organs, 
according to which the physiological effect is roughly proportionate to 
the logarithm of the energy of the stimulus. 

Therefore, with as little as even a 10 per cent reduction as measured 
in decibles, one may have as much as a 50 per cent reduction in perceived 
sensation. 

The trouble is that most of the devices employed as ear defenders 
do not cut down the decible reception even the little degree that is 
required. We have demonstrated by careful audiometer tests that the 
insulating value of the little hollow rubber tube (glove-finger type) 
generally recommended is almost nil. We found, however, that if we 
inserted into the hollow rubber tube a small hard rubber obturator, its 
effectiveness was measurably increased. 

This is easy to understand because, for one thing, the obturator 
inside provides additional insulation, and for another, which is more 
important, it enables you to press the device well into the canal, giving 
it a snug fit. 

Accordingly we have had made for us by Meyrowitz an ear-defender 
of this pattern, and you can readily see by the accompanying audigram 
how much mote effective is the insulation than that obtained by the ordi- 
nary hollow tube type, viz., twenty to thirty decibels as compared to 
less than ten. 

It has besides the advantage that it can be adjusted to suit existing 
conditions; worn loose if one needs to hear conversation about him. 
pressed tightly in if one desires as much as possible to shut out all sound. 

Barometric Influencet It remains to speak of one other factor which 
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his come into play as cause of car trouble in the present v.ar 

We refer to the violent fluctuations of air pressure to which military 
pilots are exposed in altitude flying 

In the last war planes seldom flew higher than 10,000 feet and seldom 
at a speed exceeding 150 miles an hour 

Today they fly frequently at an altitude of 15,000 to 20,000 ftet, and 
some go to 30 000 or 35,000, and at a speed of 300 miles an hour, some 
of the new bombers are geared for the prodigious speed of 400 to 450 
miles an hour 
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climbing drops about 2' C. for each thousand feet ascent until 35 000 
feet is reached. The pilot will usually suffer greatly from the cold 
20 000 feet; he generally finds it unbearable at 25,000 or 30,000 feet. 

’ A lack rif o4en in the upper atmospherrc strata rs a yet nrore senous 

‘iTthe vers- great height to whicl. fighter planes are sometimes obliged 
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trained aviators can attemp . From a g ^ 

turned vertically downward * ,led again sud- 

600 miles an hour, and then when nearing fte earthy tur^ . 

denly into a horizontal dirwtio . ^ jjjpLai force drives the blood 

bound to profoundly affect the p ■ temporary unconsciousness, 

from the cerebral vessels and bnngs tou> a tempo J 
If we add to all these hazards that inadent to the eng ^ 
easily overestimate *= civilian flyers and they generally 

Many surveys have been made am g^ 

show an undue loss o£ hearing When we shall have some 

a disproportionate loss in bone ron j^g fear will be much 

authentic tests of “'avert these harmful effects of flying 

worse. Can nothing be done to ave ^o^rthing, but a long way 

upon the auditory organ ^he ans y j ^ improvements 

f!! enough. The danger which will have 

are made in aviation constru pilot. 

more regard to the physical limitations o P ^ labyrinthine 

Certain precautions, however, requirement for all 

function must be held as an ^ j^e neceTsity of having normal 

flyers. Formerly much stress was placed ; rtance that he have 

static function. It is equally rf not of greater imp 

healthy hearing function. , Eustachian obstruction. 

It is especially vital that there for flying. Inci- 

A bad head cold is for this reason 
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FIRST .\ID AND EMERGENCY TREATMf ^ OF 

gunshot wounds of the jaws 

EX’ 

Expenence gained during the l«t 

and jaws subsequently seen m ^ possible. By 

should be made for adequate spea to soft tissue wounds, 

proper early fixation of fractures end results more 

L tinie of invalidism is greatly shortened, and 

nearly approach perfection. The Surgeon 

Preparations have already been made in r 

General for a more systematic plan instructions are being 

time than was possible during I e war^^^^ department units 

prepared for the handling n I , unspjtal so that a uniform 

Lm the combat aone back to ven to medical and 

plan will be followed. Special ‘^^f^'^^^^ipartment who will be 
dental officers and enlisted m'" the general hospitals, 

assigned to units from the comb injuries entails close 

Ihe most efficient ^cal and dental corps The 

co-operation between officers o p „d infection, and Ussue 

general care of the rf.hTn^edical officer, while the special 

repair will be largely in the hands of the me^^^^ „„„* and teeth 

problems of fixation of 1“"' “ ,5„t ^ in meeting the emergency, it 
lie within the field of the f J," be given to medical and 

ixtr^hX: ^ 

'"By carrying out a correlated plan of "nTp^eX; 

rone to the installations m the ^ will be greatly short 

period of disability of p^ rMloted to approximately nor 

Ld, and a larger number ^ ^ niethods are flowed 

function and appearance than i P specialists m the 

The most advanced surgical hospital, a 

face and jaw injuries are atta e . station, svjllo- 

operated in connection with he hospital has a m«no 

miles to the rear of the front surgeon, well tram^d 

facial team, consisting of a sutg injuries. Befot 

in the special requirements of treaty ,he wounde^ 

ing the clearing station and the ff company aid men 

man may receive emergenq' ca'^ 
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battalion aid station, to which no specialists are attached, but where 
the enlisted men and the battalion medical and dental officers have 
received certain instruction in the use of emergency equipment with 
which they are provided I wish to point out first some of the things 
that can be done at these advanced posts by the medical personnel which 
will probably save many lives and facilitate the later treatment of face 
and jaw wounds by the specialists 

Every officer and soldier of the medical department in the combat 
zone is supplied with equipment useful m rendering first aid treatment 
lor jaw injuries The first aid packet itself is well adapted for lau 
ractures and can be applied suitably for a great many types of gunshot 
wounds of the face and head The compress, sewn to the central portion, 
strnrh ^ '‘u ^ hammock or sling to support the injured 

support over any region as may be necessary The safety pins in the^first 
sid packet assist m making the dressinc secure \xiith ^ j i 
rubber bands or elast.es and the sa elv Z I 

applied with bandav,= oju ' ^ emergency fixation can be 

may be secured by a^tlachmemto the Anchorage for the bandage 

rubber elastics ““ '^^P P'"® 

forltZt Mows'"* be 

1 Arrest of hemorrhage 

3 Tern!!'” '“pmatory airway 

,,e„,s “PP“™-‘<= reduction and fixat.on of bone frag 

p.tat mZl'ieTr ‘™^P°r'al.on from the combat aone to a hos 

the jat'ZZsZy teTheewt™'" ‘'™°'*age from a wound about 
in the uound and held m ^ gauze pack inserted 

'ull also give some temporary supZtZ'^Z"’ bandage The latter 
Care must be exercised in the ^ ° ^ fracture of the mandible 
so as not to increase any respirator^^rl ^ bandage 

of the Tvound itself HemorAare^R^l®*^^ occasioned by the nature 
demands a search for the bleedmir*^^ checked in this way 

to it. followed b> ligation if Imaturrm ^PP^'^^hon of a damp 

S material is available, otherwise 
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First Aid and Emergency Treatment of Gunshot Wounds of the jam 
the clamp should be left on during transportation to the advanced 

^°^^Pm>ision of adequate respiratory airway: Loss of bone and muscle 

attachment frequently results in loss of control v 

to respiration This is best controlled by use of a long « 

the tip of the tongue. It should be long enough to 

forward and may be attached to the dressing. piec ® ^ 

bandage may be tied to the suture for traction o clea p 

the ah passage. These considerations are particularly 

patient is unconscious. In other cases, due to swelling o *e 

Efficient airway can he provided hy the rnsertion of » rubb« ‘•rbe 

through the nL. or the mouth, to bfa hth 

should be considered only as a last resort smce rt is followed by a hg 

mortality in cases of this type. , u^aments- If a 

Temporary approximate reduction and ^ tjhlem of tern- 

dental surgeon is available, he should be stations is provided 

pora^' fixation. Each contains instruments and 

with an emergency maxillo-facial kit, nnnlication of tern- 

materials for "emergency Cental operations and M 
porary fixation of frariures of the , aw. .s 

emergency treatment reduces the peno minimum of de- 

far greater success in subsequent treatment with a minimu 

° Eafiy treatment should be such as to assum the 

restoration of otiginal occlusion of the considerable loss of 

function of mastication, even m those . g^gj^jents be 

bone. It is particularly important that t e co P ^ matter, particles 
avoided. In the removal of tooth ’ jp^nents which invite 

of bone, etc., one must remember that ese .jai Often bone 

infection, and early cleaning of are removed. This 

particles which still possess periostea nfbarhment may make all 

should never be done since this small Imng function, or 

the difference between new bone ^ . pyen comminuted 

collapsed fragments and the attendant comp 1 . only be con- 

viable bone should be saved. Reduction an application of 

trolled by skillful manipulation of the , snecial bandages, 

simple measures by means of elastic tra ion fracture may be 

Wiring of teeth of the same jaw ^^,^ation to the rear, 

used in some cases to maintain fragme never be used prior 

but fixation of the lower to the upper tee stabilization 

to unattended travel. Fixation is importan a 
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of the fragments helps to reduce pam and shock It also assists in the 
control of the tissues essential for the maintenance of a clear air passage 
Stabilization is necessary to a\oid recurrent hemorrhage and facilitate 
recovery Military conditions may permit the application of some of 
these fixation measures by the dental officer nt the battalion aid station 
If not they must be deferred until the bounded man reaches the surgical 
hospital or the exacuation hospital 

Fractures of the superior maxilla frequently displace the loose struc 
tures downward and backward 'ind definitely interfere with respiration 
In case of a bilateral comminuted fracture of the posterior part of the 
mandible the anterior part of the jaw may drop backward and likewise 
cause serious interference with respiration In a case of this kind the 
front of the jaw may be held forward by a simple emergency splint 
developed at the Walter Reed General Hospital and found practical 
m several cases The only articles necessary are two or three wooden 
tongue depressors adhesive plaster a two inch bandage, and the ligature 
wire supplied with the emergency maxillo facial kit Two tongue dc 
jsressors are placed end to end and fastened by means of i third o\er 
lapping them m the middle with adhesive plaster This is secured with 
a bandage vertically m the frontal region with the lower end extending 
in tront of the chin A wire is passed around the lower front teeth or 
around the chin segment of the mandible and the ends of the wire 
fastened to the lower end of the longue depressor piece The spring 
of thp effectively keep the anterior segment 

TOKr front r'Trf by attachment of the 

Upper front teeth to this apparatus 

tempted to 'rounds of the soft tissue of the face one may be 

at least lempotaty” faTJon o/to" 7''“ 

the latter will nm l fragments otherwise collapse of 

-a .terference with' func 
closure of the sofi j fragments not to attempt 

brane edleftcaetL;™ “=1 

for hcalmg before attempt', ngr^paTS ft '"‘‘t 

Provmon of ,afe lrLpi,aL„ ” ‘"T , 

nr the rear Transportation or evacu{3 f T 
a certain responsibftty on the medira n ^ 

must be prepared for safe nnattmj j '•'Partment units for casualties 
tram to general hospitals Nounshm™t'"‘'d't*’’' ’’OSP'!''* 

shock comfort and safety are STcsLTA °"n Pf ''“‘f" 

essentials which medical attention 
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must secure for the greatest number. Lessons in past ” I 

ing proof that ambulant or semi-ambulant cases with or P | 
wfuLs should sit up. If he must be recumbent, the be 

placed face down if there is any danger of *',faurtag 

ages. These precautions lessen the mortality rate of )a J 

""xhftime required for the wounded to reach 
which may be situated 100 miles or more to the 
varies considerably. Dut the desirability of rapid evacu 
where definitive treatment can be given is ^ase of 

lined above, if carried out properly, will condition for definitive 

a large percentage of cases of jaw injury m g facility is provided 

treatment. In the general hospitals, every po proper care of 

in the way of equipment P““be examined jointly by the 

these cases. On admission, each case treatment outlined, 

surgeon and the dental surgeon, and a pan . . ^ jjjg general 
In the interval between receipt ^for Ce for 

hospital, the onset of infection is to be oo e Jo^syerations at this 
combating infection constitute one o overlooked foreign 

time. Wounds should be carefully revis , p drainage established. 

bodies removed, abscesses opened, an indicated by 

Local and general chemotherapy shoul P , fractured teeth, 

cultures. X-rav examination will reveal ’ subsides, more 


cultures. X*ray examination ' 
displaced bone fragments, etc. As the acuic ""I® , . fragments may 

per'manent appliances for -dnction and fixMion ojta 


permanent appliances tor ""r reduction and hxation u. 

be made. The important principle y tissue repair should 

- .■«« ‘“ 

... .'..rf -r 

ment of lost tissues is to be considered. fractures are 

of flaps, grafts, etc., may often be j g„„,hot fractures of 

undergoing treatment. In about ten P« s„bstance that n'’";™'"" 
' ' No attempt at bone 


me lower jaw, UICIC nritPS INO aeii---x - 

results, and the necessity for bone gra mg months after dis 

grafting should be undertaken unli ^ a e . • ^ . 

appearance of infection from the region o provision o 

The final steps in restoration of oiostheses of various kinds 

artificial dentures to replace lost teeth, an p ^gj^red by surgery, 
to supply artificially missing parts that cannot 
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RUPTURE or THE DRUMHEAD AS A WARTIME INJURY 

By ALFRED B ALEXANDER MD, LEGS 
Rupture of the drumhead is a common peacetime injury, and when 
the present emergency has become a matter for clinical statistical in 
vestigation rather than for clmical action, and more complete statistical 
figures are available it might well prove the most common of all types 
o injury due to aerial bombardment The frequency of rupture of the 
tympanic membrane under airraid conditions is no surprise Reports 
from Barcelona had suggested it, and m a recent discussion Miss J 
Collier (1940) quoted R Truetas Barcelona figures indicating that 
from 30 to 60% of the Barcelona airraid casualties had sustained 
damage to the drumhead 

Rupture of the lympantc membrane in peacetime is a slight iniur) 

ohL't Je ’' t b) an uncom 

evidence tTh'l f™"! '"fation of the tympanic cavity, and there is 
neacehme^m f ""“"'plicated course, tthich is the rule m 

of hrgh exDbsiv * h* k* "'•'en the injury is due to the blast 

Ipamc ca r he k ’l "“If 'be 

““ » 

caused by the"extens!on'of*a'f membrane which ate 

matic ruptures The^ direct niM ‘*"“1 and indirect trau 

foreign bodies and by PoSi ? 

removal of wax The ^y''''’g*ng of the meatus for the 

the density of the air m ruptures are due to sudden changes in 

ait in the meatus at the momS^S'the mil *= 

common causes of such in.t.r,«u *" influence of the force The most 
ticularly the slap Wiethe 0 “^ P"' 

quate head first dives into the water ""‘I ‘"adc 

of the membrane due to evnloc fextbooks include the rupture 

this IS wrong The rupture i^ d/^ ruptures but 

fnl concussion of the air bv th caused by the extremely power 

(Zuckerman I94l) All these pressure 

theoretical interest crentiations however are only of 

From the practical point of view it „ k 1 , , 

ruptures which leave the tympanic cav,h, “ ‘“J d'^bogo'sh between 

the ear) and ruptures m whSTthe stenir 

V ot the tympanic cavity has 
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Rupture of the Drumhead as a Wartime Injury 
been interfered with (syringing, diving). These two clinical types o 
rupture are often followed by a different clinica course 
the drumhead caused by blast must be tegarde as e onging 
second group, as it is ahvays likely that foreign matter, earned by 
blast, has entered and possibly infected the tympanic cavi y. 

Symptoms 

Indirect rupture. o£ the drumhead t i;tl’nce 

ticularly in cases o£ previously reduced hearing or imin ^^slied 

of the membrane. In air-raid casualties the syrnptoms « f “ 
hy the presence of more severe injurres and, lacfang ' 
such cases are in danger of being overlooke un i s PP 

In most cases, however, at the or the hearing 

stabbing pain is felt, frequently accompanre y g ^ pain 

uf a hfgh'pitched sound. Initial -•i8“„“J“^rmototeIy reduced, 
persists for a few hours or even days. He g occasional giddi- 
In many cases a trying feeling of fullness m e , ^ jgjst 

ness and sickness, headaches, and a X™;,; 'hat im-ed-tely 

for considerable periods. The vertigo, p .y-ionation. It is not, 
following the injury, deserves a few wor^ s o p labyrinth/’ 

as commonly suggested, caused by caloric irritation, 

but is simply explained as being the eit tvmpanic cavity 

caused by Lid air. The air normally contarn j ^”P „he. Fob 

is warmed by its passage through the nose a middle ear and 

lowing the injury, cold-air suddenly gams ac vertigo and 

irritates the labyrinth. I have found latter character- 

nystagmus can be re-elicited, and the ir ^on filled with ice and a 
istlcally changed, by alternately placing a o irritation of the 

hot-water bottle in front of the externa meatus closed 

labyrinth by cool air is one of the reasons or p 
following such an injury. 

Signs ^ , that 

In fresh cases the most common ^ the latter usually 

of a roundish, irregular, or slit-shape .j jj often frayed an 

in a radial r''--*-'-'-' marpin of the perfo _ ^ r.f>rforation, 


Dundish, irregular, or sui-M.-r;;'' r , is often trayeu 

dial position. The margin of the perforation, 

irregular, and sometimes a flap, exposing ^|V "everted edges o <- 


an anguia* .---x • 

^caiai, anu auiuciiiii«.j « ^ «rhf*se “everted eo^,^ 

is folded towards the skin of the mea • "wave of 

perforation are not, as recently suggested. common peace- 

that follows the pressure-wave of ^ small rone around 

time findings, and are described in old t 
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the margin of the perforation is discoloured and stained by the extra 
vasation of blood The remaining part of the drumhead is unchanged, 
but may show small interstitial haemorrhages, the latter findings are 
particularly common in blast injuries m which also minute blackish 
spots sometimes occur due to the impregnation into the membrane 
of small solid matter contamed in the blast A certain amount of 
blood or coagula in the meatus is a very common picture, and in air 
raid casualties the whole of the meatus may be blackened by soot In 
fresh cases the yellow colour of the normal mucous membrane of the 
medial tympanis wall is easily distmguished through the perforation 
Its yellow ( bone yellow ) colour forming a distinct contrast to the 
blood stained margin of the perforation 

The perforation is more often situated in the anterior than m the 
posterior quadrants Any anatomical detail of the contents of the middle 
ear cavity such as stapes chorda tympani or round window can on 
occasion be seen through the perforation should it happen to he within 
the line of sight and such structures will show a typical parallax phe 
nomenon on movements of the observer s head In cases in which there 
IS no suspicion of a fracture to the base of the skull it micht be per 
rsteri 'e or wax by means of 

of the drLhead Thfu«‘l,rt?ef"^ “"'’f 

and most slnctly contta.ndtcated 

of the* cerfStitm^'h**^* unnecessary to demonstrate the presence 

htgh scnnds and for„vtt f 
inSuence from the air) which 

the labyrinth complicated cases reveal damage to 

cases of longer standing however the L “ '*"uuteristic In 
have already become round and reimiL 

resorbed In such cases diagnosis W u^'ruvasated blood be 

become exceedingly difficult unless th, 1.*’!*° perforation might 
■ess the history helps to clear the case 

Clinieal Course 

Traumatic rupture of the drumhead m.li i j 
three types of clmical course following 


150 



Rupture of the Drumhead as a Wartime Injury 

1. Uncomplicated Cases. — The perforation gradually diminishes in 
size, while normal drumhead tissue regenerates. Complete healing 
ensues, and after the regeneration of the drumhead is complete it is 
quite impossible to recognize any trace of the site of the previous per- 
foration. Drumhead and hearing regain perfect normality. The average 
duration of the healing process of such cases is twenty’-hve days. 

2. Infection of the Tympanic Cavity of Low Virulence Minor 

inflammatory reactions appear within one to three days after the trauma. 
There is sero-purulent discharge, lasting from a few days to several 
M'ceks. Such cases often heal with the formation of atrophic scars foh 
lowed by chalk deposits in the membrane, with chronic adhesive changes 
(synechia) in the middle ear, or with a persistent perforation. Accord- 
ing to these changes, the bearing capacity is pessnanently somewhat re- 
duced (middle-ear deafness). 

3. Infection of the Tympanic Cavity of High Virulence. — Major 
inflammatory reactions, constituting the suppurative otitis media of post- 
traumatic origin, appear usually not later than twelve to twenty-four 
hours after the injury. 

There are few indications in the literature regarding the relative 
frequency of these different types. It is obvious that ruptures which leave 
the tympanic cavity sterile stand a far better chance of an uncomplicated 
course than those in which the sterility has been interfered with. Water 
is the most common source of infection in peacetime, and therefore 
rupture due to diving or syringing is often followed by I'nflammator)’ 
reactions. It is a complete fallacy to think that the routine use of 
sterilized water for syringing could prevent infection in cases of acci- 
dental rupture, since the meatus, with which the water has always been 
in contact, is never sterile. However, taking into consideration both 
the uninfected and the possibly infected type of rupture, a sun’ey of a 
large number of cases at the Neumann Clinic several years ago left 
me with the impression that at least some 80% of all peacetime ruptures 
follow an uncomplicated course to normality of dnimhead and hear- 
ing. This proportion seems to be quite different in blast injuries, as 
over 50% of the cases caused by air raids which I have seen showed 
some infection of the ty’mpanic cavity. Admittedly I am judging from a 
small number of cases, but the wfperiencc of a few colleagues with whom 
I have discussed the matter points in the same direction. It is therefore 
of great importance that in all cases of rupture of the drumhead caused 
by blast the tympanic cavity should be regarded as presumably infected, 
and treated accordingly. 
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Treatment 

1 

The object of treatment is best expressed m T B Layton s words — 
to get well every smgle case under one s care And by well I mean 
a dry ear, a normal drumhead, and perfect hearmg This is achieved 
simply enough when the tympanic cavity has remamed free from infec 
tion In such cases the treatment should be restricted to the protection 
of the tympanic cavity from external influences that may cause further 
damage No unnecessary manipulations in the meatus should be under 
taken Syrmgmg as well as all types of ear drops, whether containing 
water, peroxide, spirit, glycerm, or any other fluid, are strictly contra 
mdicated It is sufficient to plug the meatus lightly with sterile ribbon 
gauze or cotton wool, and to inspect once or twice a week The patient 
must be advised to take great care while washing his face or taking 
a Hath— or, m the case of a woman patient, while having her hair 
washed or set —lest water should enter the meatus The taking of 

m the meatus and infect the middle car 

tvmnan.r‘'r,v‘;" has entered the 

mplure of Z d »hove, all 

plete healina and ™ f hy blast belong to this group Com 

C V tv rS„ fZ'Z' '^hen Uie Wamc 

ZtoZ ZroJr '“amn kn mmor inLm 

all IK imphcatims®^ permanent deafness with 

eme,;:„7::“rL:tr'rrif d”'’?'"'^ 

population to a very considerable devr ^ deafness among the postwar 
injury Perfect results dene d owing to the frequency of this 

to infection But how ca^a tZ P'™"hon of the trauma leading 
protected against the occurrenc^ of ZZZf*^ 

results have s^fo be^B^r^'r ^ cavity My 

that the results of all prCTemwe m *ough fully realizing 

misinterpretation and that the experimenhtd Z P”'‘cularly liable to 
the topical use of sulphonamidesTr^ ^ present available on 

early insufflation of sulphanilamide ^ satisfied that 

infected tympanic cavity will reduceto ^ possibly or presumably 

of subsequent suppuration in the middle number of cases 
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I have also tried the insufflation in cases already infected, but ha\c 
failed to observe any benefit, the powder just being sisept auay by the 
discharge. And cases of acute otitis of traumatic origin should be treated 
by the oral administration of a sulphonamide m the same way as it is 
used in otitis not of traumatic origin. 

Technique of Insufflalhn^This is very simple so long as the ordinal) 
forehead-mirror and not an electric auriscope is employed. The site o 
the perforation is focused, and a few puffs from a straight powder- 
insufflator, administered through the speculum under 8 “'^“ ^ 
otoscopying eye, are quite sufficient. It is necessarj to oo' 
ear in ordtr to make sure that the powder not only coats the walls of 
the meatus but actually reaches the tympanic “'’“ 5 ’, *78^ 
foration. Afterwards the meatus is lightly plugged and the patient 
advised as to the protection of his external cana . eimnle the 

The insufflation of powder into the .“Jinn^ m im- 

results ate so promising, and the aim of preventing in . 

portant that I have no hesitation in '““”™""^"’®i.’lmerecncv. ft can 
ment for rupture of the drumhead iri the j juj. 

cause no harm whatsoever, and if tried on a arge . fo, (l,e 
cessful it will also serve as a further argument in the demand 
routine otoscopy of all air-raid casualties. 
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GUNSHOT WOUNDS OF THE HEART 

By G GREY TURNER, MS, F R C S 
Director, Department of Stirnery Bnttah Postgraduate Medical School 

It IS interesting to realize that though wounds of the heart are fatal 
in the great majority of instances there is undoubtedly a residue of cases, 
small though it may be which recover 

In warfare a wound of the heart is seldom an isolated lesion, and is 
often accompanied by serious damage not only to the thorax but to other 
parts of the body In 1920 the late Sir George Makins reviewed the 
specimens of gunshm wounds of the heart which had been brought to 
These “ Collection at the Royal College of Surgeons 

m verv LTrV^°”'r‘’’“' blown to pieces 

to be lodjr ! missiles may pass through the viscus 

«m he wall 

ion sX fte ! 'Everest forms of inL 

rsilefhTv :t:n retir:® hTh^ 

survived but have been ahl. ^ have not only 

years afterwards Im i ^ Pt*tsue more or less normal activities 
and superficial laceLTo 'ro “h “J '‘r'’ bruises, contusions 
fare tiL hmstm; beX ^ ™ 

cases in which foreign il • ® review no fewer than 100 

patients, and of these 65 ^ retained in the heart of surviving 

most of’ these LferL’lTof'^V^""''^ ” ''“S-nents of shell In 
bodies were located by a: raf ^ had passed and the foreign 

When It has been posLle to °ft'n long after the casualty 

Ct at necropsy the'^^t' „ toT^'r ‘b= '“ton a. operation 

rounded by a barrier of str usually been found safely sur 

WM 15), and sometimes 5 u““' (Couleaud and Bellol, 

The cause of death on the fifld ^ of fluid round about them 

of the injury, shock, or haemorrhl afterwards are the great seventy 

question of cardiac tamponade T Z'r haemorrhage comes the 

ism, or to associated injuries ^ eaths are due to sepsis, to embol 

Cardiac Tamponade 

Cardiac tamponade is a most mter«h«» j 

"e are onh concerned with ihd» «« t. S condition, but for the moment 
acute variety I„ many cases of gunshot 
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wound the missile seems to penetrate the wall of the heart without caus- 
ing haemorrhage, while in others there is free bleeding. If the blood 
cannot readily escape from the unyielding pericardium this sac becomes 
rapidly distended and the volume of the accumulating blood exercises 
pressure on the veins and, later, on the walls of the auricles. In this 
way the cardiac action is embarrassed and finally arrested. The rate of 
development of the tamponade depends on the size and situation of the 
wound of the cardiac muscle and the ease with which the effused blood 
can escape, either externally or into the pleural cavity. The symptoms 
are quite characteristic. After a latent interval of varying duration, 
which may be as short as ten minutes, the patient complains of oppression 
at the heart and of fear, and is uncontrollably restless. The countenance, 
at first pale from shock', becomes cyanosed, the body surface is cold and 
there is profuse perspiration, while the big veins at the root of the neck 
are overdistended. The quick pulse become irregular, and as the heart 
falters its beat becomes fluttering in character. Naturally the blood 
pressure is low and rapidly falls as the patient sinks into unconsciousness. 
Examination reveals the signs of distension of the pericardium, as shown 
by the greatly increased dullness, while the heart sounds are mufSed and 
obscure. The condition is rapidly fatal, therefore it must be recognized 
promptly if efTective aid is to be given. The essential step is to open 
the pericardium freely so that the accumulated blood can escape: the 
heart requires living room and must be immediately decompressed. 
Cokkinis says: "Ever)- patient who reaches the theatre with the least 
evidence of cardiac function should be operated upon, as even in the most 
desperate case the compressed heart may revive immediately the peri- 
cardium is opened.” 

Of course, if after the release of the intrapericardiac tension the bleed- 
ing continues the heart must be exposed in order that the wound may 
be sutured, for preservation from one sort of haemorrhagic death will 
bring no credit to surgery if the patient is to succumb from another. 
Though merely to enlarge an entrance wound may save death from 
tamponade, it is so likely to be necessary to deal with the wound in the 
heart itself that the surgeon should be prepared to carry on there and 
then with the complete operation. The technique to be employed is 
described below. 

Dia^osis of Heart Wounds 

The diagnosis of wounds of the heart is suggested by a situation 
near the cardiac area, but in many cases the wound of entrance has been 
in the lateral wall of the chest, in the axilla, or even through one or 
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other upper extreimt, With u mtssilc impaetcd tn the heart there ts 
very often no character, Stic disturbance, and the suspected diagnosis can 
only be confirmed b) radiography But even the radiograph mat be 
deceptive for foreign bodies in tbe pericardium frequently reveal a 
pulsation which is merely communicated The only thing to do is to 
wu? ^ of a heart wound when a missile has entered 

with n the cardiac area and not to overlook the possibility with wounds 

will usua i b “ Po^'f'on of the missile 

some Dart of th'^' "'*"0*' ‘•'o wound has destroyed 

ion betoeL h' “ a “"‘I common ca 

ment a e more s f™-" 'hell frag 

due to theXmT “ r ‘’“"'"i ‘“’J ‘h'' ■' 

the common association of sepsis with shell wounds 
Emergency Trealmenl of Shell Wounds 

wountafale obtus'emll:' 

Shell fragments as well as 

develops^ In the open wound r tamponade rapidly 

to treat shock and m anticipate sepsis‘“Thes “'V° haemorrhage, 
approaching the matter as with j *"®^®/^dications can be met by 
be necessary to excise the wound situations and it will 

suture any laceration m the viscus wh “'Pcct the heart to 

foreign body that is easily accessible “r '* ^ °c to remove j 

embedded in the heart wall or nre I ®togn bodies that are deeply 
best left alone at this stace Th cavities are probably 

very strong but generaUy speak r'’?'”" t° 8° ■' 

presence of the foreign bodi« n T "“f ‘‘“C to the mere 

haemorrhage and sepsis the DmU •’‘“‘""f '""‘ves the risks of 

sidered with deliberation later In ft foreign body can be con 

to provide for drainage of thf* t> probably %\iser 

which may be safely placed m hy tube or rubber tissue 

behind the heart ^ >“«cst part of the sac or even up 

Many of those who have recorded mt, 
m gunshot wounds of the heart h7 successful interventions 

infection and have sometimes exnrr^Jl c*° tfeaths from 

might have staved off disaster fBallan \ ^ -o conviction that drainage 
septic will follow the practice that k some anti 

y be ,n vogue at the time, for the 
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heart and pericardium are quite capable of withstanding such treatment 
The resources of chemotherapy may be most valuable 

The Best Method of Exposing the Heart 

The wound of the panetes may be sufficiently extensive to give 
access to the interior of the pericardium and the injured area of the heart 
As a rule, however these wounds are not big enough to enable the 
necessary manipulation to be carried out and some deliberate method 
of exposure must be adopted If the pleura! cavity is already opened 
the original wound may be freely enlarged along the line of a nb 



Fig 1 — Incision for exposure of the hcirt The 
primary incision alonir the sixth rib is indicTted 
bj H broad line while the transverse cut dIoor 
the third (or second) rib is represented by a 
finer line (Modifed from Textbook of Operaltxe 
h irpcry b> ThctMlorc Kochcr ) 

Hj sprc-iding such a wound and enlirgmg the tear in the pericardium 
i sufficient exposure maj be obtained Rut when the picun is intact it 
IS much better tint it should remain so ind m these ciraimstances tlic 
pinsfcrml exposure of Theodore Kochcr it ter) sitisficton The steps 
of this opcrifton arc as follows 
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1. Incise from centre of sternum along the sixth costal cartilage as 
far as the mammary line. 

2. Separate the perichondrium and excise the cartilage. The separa- 
tion should be begun at the sternal end, the junction with the seventh 
cartilage being divided. 

3. Divide the triangularis sterni muscle close to the sternum. Gently 
thrusting this muscle outwards will carry the pleura out of harm’s way 
and will expose the pericardium. 



'“f » are skin and 

sected. The perichondrinivi^*^** costal cartilage re- 
tri^angularis stemi, on whW. 

. Ton";*: ^ ^ 

the sternum to the level of the thi j “ctsion over the middle of 
incision along this rib cartilage ’ second rib, and a short 

6. Separate the structures from the f 
until costal cartilages are exposed sternum outwards 
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7. Divide the fifth, fourth, and third cartilages at their inner ends. 

8. Lift up the flap of the chest wall with a view to turning it back. 
Do this slowly and gently, pushing the pleura outwards as the cartilages 
are lifted. 

9. Break the cartilages at their junction with the ribs, thus exposing 
a considerable area of pericardium. 

10. Open the pericardium along the edge of the sternum and, if 
necessary, outwards at the lower edge of the exposure. 

11. To secure further space use rongeur forceps to cut away the 
remains of the sternal ends of costa! cartilages and, if required, part of 
the edge of the sternum. 

The steps of the operation are shown in the illustrations {Figs. 1, 
2 , and 3). 

The transternal route — splitting the sternum vertically and separating 
the halves with a spreader — is sometimes recommended, but this is a 
severe operation and does not seem to have adequate compensating 
advantages. But whatever method of exposure is employed it will be 
found that the heart itself is difficult to handle and that the movements 
prove more embarrassing than would be expected. During systole the 
■walls become stony hard, and the very short diastole gives very little 
opportunity for palpation. The organ may be pushed to one or other 
side Of may even be partially rotated without interfering with the heart 
action, but handling about the base or lifting the viscus forwards usu- 
ally makes the rhythm very irregular and tumultous or arrests it alto- 
gether. Pressure on a spot on the posterior surface of the organ Just at 
the top of the intraventricular septum seems invariably to stop the heart- 
beat. Lifting the heart forwards in order to expose its posterior surface 
seems to have the same effect. Allowing the viscus to fall into position 
arrii stcokkig the sicrfscc, oc app^ywrg gettth pressure on the rentskvhf 
wall or, if required, more vigorous massage will usually restart the beat. 
To assist in the process of suturing the viscus a stitch may be placed 
through the muscle near the apex, where the wall is thickest. If this 
takes a good hold it will not tear out, and when drawn upon it steadies 
the heart. 

Control of Bleeding . — ^To control bleeding until sutures can be 
applied the pressure of the tip of the finger directly on the wound is 
best. Great care must be taken not to push the finger into the heart 
cavity. If this method does not suffice a stitch should be rapidly passed 
into each side of the wound and the ends crossed over without being 
secured. This will hold the edges together while the final approximating 
sutures are passed and tied. Furious bleeding — such as might follow 
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accidental tearing of the heart wall dating manipulation — may be con- 
trolled b) grasping and compressing the base of the heart between the 
fingers This is known as the "Sauetbruch grip ” Wounds should be 
sutured with 3/0 chronic catgut or fine silk The stitches should be 
pkced about a quarter of an inch from the margins of the wound and 
about the same distance apart The) should take a good hold of the 
cardiac muscle, but should not be so deep as to enter the cavit)' It is 
not necessary to tie them tightly If bleeding ,s not arrested one or two 
superficial sutures may also he used Ooring should soon cease, but if 



It does not pressure by the finger for a f„ 

ceed A piece of fresh muscle laid over n. probably su 

patch ‘he area will act as a haemostat 

Tliere are man) records of successfi.l 

erventions along these line 
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not only with immediate recovery but with complete restoration to 
health. 

On Aujrust G, 1918, Rene le Port presented a report before the Academy of 
Medicine of Paris dealing with a patient on whom he had operated for the 
removal of a fragment of hand*grcnade from the interior of the left ventricle, 
the patient recovering. At the same meeting le Fort stated that he had removed 
eleven foreign bodies from the heart in the course of nine operations. In two 
cases — the one just mentioned and another — ^the missiles were in the heart 
cavities. There was only one death in the scries. 

The Oiiestion of Anaesthesia . — In the grievously wounded and 
severely shocked it may suffice to employ local anaesthesia, and many 
interventions have been carried out aided by this means alone. The 
pericardium and the heart itself are said to be insensitive so that it is 
only a question of infiltration and block anaesthesia for the parietes. 
But, generally speaking, there is no contra-indication to a general anaes- 
thetic skilfully used. Those who have been brought up in the belief that 
special anaesthetic apparatus is essential should realize that the many 
notable operative achievements of the last war were usually conducted 
under open ether anaesthesia. 

AlissKcs Lodged in the Heart 

In the group of cases in which there is neither an open wound nor 
any question of cardiac tamponade the patient will usually make a good 
immediate recovery, and often without significant symptoms although 
a foreign body is lodged in the heart. It probably means that the 
missile has been of low velocity or that it has been, for instance, a spent 
bullet. There are a good many cases in which such foreign bodies have 
remained lodged in the heart for some years, apparently without mis- 
chief, and I might briefly refer to a case of my own in this connexion. 

The patient was an officer, 32 years of age, who was wounded by a machine- 
gun bullet fired at a range of about 500 yards. There was a snowstorm at the 
time and the officer had his left hand up to keep the snow from his eyes, 
and as there was a through-and-through wound just above the elbow it is highly 
probable that the bullet that lodged in the heart first passed through the arm. 

In addition it traversed a notebook and a bundle of letters which he was carrying 
in his tunic pocket. The officer did not appear to have been very severely 
knocked out after the wound, and when I saw him at the base eighteen days later 
he was not in any way upset and was rather ashamed that he perforce arrived 
on a stretcher. The wound of entrance was through the front of the cardiac 
area and there was no exit. The radiograph showed the bullet in the region of 
the left ventricle. It was pulsating synchronously with the heart-beat, and in 
addition there was a whirling movement as if its apex was spinning about in 
the vortex of the blood stream. After due consideration I made an attempt 
to move the bullet, but without success. Now, twenty-four years after the 
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injury the patient remains perfectly well and Is able to live a normal reason 
ably active life (Lancet October 19 1940) 

In cases such as the above there is probably httle or no haemorrhage 
from the wound in the heart The missile may act as a plug as m a 
case recorded by A H Burgess (1934) or the firm contraction of the 
powerful muscular walls of the ventricles may suffice to stay bleeding 
The ultimate fate of these missiles is important as a guide to their 
management Though they may remain safely imprisoned in iibrous 
tissue indefinitely they may be the source of emboli or may themselves 
become dislodged and leave the cardiac cavity forming emboli m the 
mam vessels Scars associated sudi foreign bodies have given way 
thus causmg the sudden death of the victims In fact there appears to 
unwelcome visitors The immediate 
lariiv a ^ ^ ^*‘^***^ great cardiac irregu 

i ^ '"■“‘t.l.ty and often dyspnoea As a rult .f these syntptoms 

of Znths es Jurtng a pcr.od 

d sZl" V JavT of P^'^' >s suitable Much 

th p enu Lind I ‘’f "“S'O consequences tnst.Iled into 

beTis lenTed Th T" ''"“‘'a''®' C'>uclel of h.s ssell 

friends or even the m A i'**'' attitude of over zealous relatives and 
strongly deprecated b'ui' m ‘‘''“‘*^0* tletnmental and is to be 

hopefulness^ and the best wtirirthTworw''’ o"c°uragement that 
find that the least exertion h,. provide the patient may 

and for that or other reasons the ni" irritability or breathlessness 

body may arise In the« ^ usfion of the removal of the foreign 
possible benefc 0/1*2: "o reason sshy the 

ceased .0 be an "3':^ -'O') The matrer will have'long 

selves may be carried out i uatever investigations suggest them 

I would b'e mu 2 2;r “"■* dobberafl While 

costs I am strongly^n fatur of T a foreign body at all 

to be most fortunately placeH f oration for the missile may prove 
can always hold his hand r^uioval and if not the wise surgeon 

Removing the Foreign Body 
Jn the actual intervention the Kfvii 

especially so if advantage is taken of ^PP^^^h ought to suffice and 
secured by removing the costal cart I ^ space which may be 

sternum or even cutting away nan * “P ^*^5® of 

The first problem is to find the for ® with rongeur forceps 

difficult When the surgeon has finalT^ j j proves 

y decided where the cardiac wall 
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is to be incised sutures should be placed on each side of the proposed 
cut, and he must take care to see that these secure a good hold, as it 
is by their aid that bleeding will have to be temporarily arrested. The 
missile must be coaxed out rather than forcibly withdrawn, great care 
being exercised not to lacerate the heart wall. The defect in the heart 
must be closed by suture as already described. It is said (Decker) that 
the mortality from foreign bodies in the heart which are not interfered 
with is 20%, and that the mortality of surgical intervention is about the 
same, but it is highly probable that there are some unrecorded operative 
fatalities which would considerably increase the latter figure. 

Foreign Bodies in or about the Perjcardium. — ^These form an inter- 
esting group, for the pulsation of the heart is often communicated to 
them. In some cases they may be associated with sinuses or they may 
remain safely embedded for years without giving rise to symptoms. 
Further, they may be the cause of the same sort of disturbances as arise 
from the presence of foreign bodies in the heart itself. This knowledge 
justifies exploration in the hope that the missile may be found in a posi- 
tion from which it can be safely and easily removed. In dealing with 
these foreign bodies it will usually be best to open the pericardium as 
in the Kocher approach. Even when the foreign body is the cause of a 
sinus the cardiac movements may be communicated and the discharge 
lying in the mouth of the sinus may show pulsation. None the less, 
the proximity to the cardiac region need not deter the surgeon from 
dealing with such conditions according to established surgical practice. 

It has been suggested that missiles in (he heart or in the pericardium 
might be removed under the fluorescent screen, and this method has 
sometimes been practised by French surgeons. Either through a con- 
veniently placed wound or a small incision suitable forceps are intro- 
duced into the pericardium with the idea that the foreign body may be 
seized and withdrawn under the guidance of the eye. While this method 
may be feasible with loose bodies or with those only very lightly at- 
tached, the consequences might be unfortunate if a missile in the heart 
wall that was acting as a plug was thus removed. The probabilities of 
failure would also seem to outweigh heavily the prospects of success. 
But the method has been successfully employed, and it has this virtue — 
that, if disaster is not precipitated, the other and more traditional methods 
can still be employed. 
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ANAIOJIY, PHYSIOLOGY, AND PATHOLOGY 
or WOUNDS or Tiir ciilst 

B> T HOlMfS SELIORS DM M Ch FRCS 


In injut) to the chest as also m the ease of tlic head it is not so much 
the dimage to the container as the damage to the contents that matters 
Actual damage to the enclosed Mscera ma) ha\c a profoundl) adverse 
effect on the respirator) and circulator) s)stems and to this mi) l>e added 
a senes of secondary changes that result from the opening of the pleura! 
cavit) These factors in tlicmseUcs ma) be a grave menace to life but 
even if they are successful!) countered the question of the liter develop 
ment of infection has to be considered Cbnseqiicnll) i chest wound 
offers problems that are not found in man) other parts of the bod) where 
the extent and effect of the destruaion can be more or less estimated 
immediately 


Before entering into an) discussion of anatom) and ph)siolog) it is 
well to have one precept in mind and that is that the course and the 

A wlifi.'’"’' unpredictable 

anvrtnf> surgeon once stated that he was quite prepared to believe 

aS cLir°,‘L "f' '*’! =■") on an human frame 

nlTo imn r I ‘’'T" ''“'>'"6 ^«'Slnnce of tissues the 

Tone sh3 t.“i “ “f ■n'Porahve that 

comes in °f => ''“und for granted when it 

reo ten ‘‘'^8"““ “-i •'«'™®nt should it be 

a more urgent and obvious lesion elsewhere 


Some Reloonl Anolomioal PoinU 

elemera“‘pomte ftat®rnr'‘’T ‘1’' 

first point that strikes nne u ^ull) appreciated The 

Its coverings is its taperinc T thoracic cage stripped ol 

appearance^of thf hur„Tor:: ‘ 

attached structures m th*. pends on the shoulder girdle with its 
deeply placed and " :eU Xdt m 
lower part where nbs are easily DaltlkT''' J 

IS quite apparent The practica[ and the form of the thorax 

fact that a missile traversme the un£f of this feature lies in the 

thick muscle layers which tend to dme“on°ft'''t‘'*'r 
mumcalion of the pleural sac with the nn 

Open air On the other hand 
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penetration through the lower part o£ the chest ts apt to leave the pleural 

diaphragm rtses ; and leaves at the 

infringes considetabl) on the lo g 

periphery the “J^P ^tiilg wound of the lowest chest will 

deeper behind than before. Ap g injnnnfr the lung fringe and 

fre^ently puncture the The\lood 

produce varying lesions of than might be supposed for 

dlillS^rrs;^” n" rltts should be remembered if incision 

far forward into *= matter of some 4 to 4/a inches), 

h:?rer:i:^t‘riitge 

pleural sac will be .hat makes orientation and loca- 

The obliquity of the ^ .horax was a conveni- 

tion in the chest much more difficul ^ of *5 normal 

ently arranged system of differences in level between 

antero-postcrior radiograph ill corresponding vertebrae. For 

the anLior ends of the ribs and plai as the seventh 

example, the third “«al cart.llage i„ddiacal variations ac- 

thoracic vertebra, though c a y of the battel 

cording to whether the subject has a long 

emphysematous type. tj,a importance of tadiog- 

At this point It IS not ou of pla^ planes, 

raphy, and indeed the "“^^her abnorLlities. The ordina^ 

for the location of foreign bo f j-ej™ body lying close to the heart, 
antero posterior view ““F ^ ’ ^^ther the abnormal shadow lies 
but it requites a lateral film to snow 

outside the chest or withm it. . spaces is important in view 

The anatomy of the ribs a _ [5 The intercostal space is for 

of the relationship of the J^f^s regards the risk of haemor- 

all practical purposes a clear ^f Aspiration of the ches^r 

thage_a feature that is taken advanta^ F TT,e 

whfn a trocar and cannula ““^"f theUer border of the 
segmental vessels “"'^."'^"'.“"ininred only if the bone is broken. If it 
corresponding rib. and will be injured only 
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IS uncertain whether active intrathoraac haemorrhage is coming from 
lung and/or chest wall the fact that ribs are intact exonerates the inter 
costal \essels, but if they are fractured arterial bleeding is a possibility 

Effects of Various Types of Missile 

As has ahead) been stated, the effect of a penetrating wound of the 
diest IS variable, but there are certain general tendencies which may be 
described briefly A bullet produces a small punctured entry wound, 
and b) virtue of its high velocity drills a clean hole with a minimum of 
surrounding tissue damage If it passes through an intercostal space 
on both sides of the chest it does not make an unduly large exit wound 
It, howeser, a rib is touched an explosive effect is produced and bone 
IS shattered and driven onwards This impact reduces the velocity and 
ma) turn the bullet sideways or even reverse it The wound track is 

“s 7 maeaLr" '''' 

2nd acquire a tremendous spin, 
Ss 1 e reme';^ “ The effect on the 

mZ:. Te »au'tec rofTth’’rf 

torr issue and hl!!f "" ■"fcction, particularlji as 

^apls this Ins? 1 bacterial propagation 

That! toe 'em' /r™'" ‘ “O" ‘be fmfments 

The lower velocilv of°ihis'"tv”“* 

ments being retained an I , missile accounts for so many frag 

ends subcutaneously ’ Pres' '"‘'‘'“"'fi 'o "dc how often their track 
olhcrwise hate been the s™of?? 

the same effect inside the rl, , ' break I have seen 

has punched a hole in the far's occasions when a fragment 

the meshes of the lung tissue f ' ” recoiled within 

C™r/i „„„„„ "bich It was removed 

of masonq, direct compression andTh?! 

for gross and fatal sisceral rl’am, responsible 

Ribs arc commoni, fractured severV'''i*'°'*' penetrating wound 
to the posterior angle If the f>o„e al„, f “"es givuig wa) close 

of chest wall becomes functionall, loose “"t^anorly a whole section 

ihcst —and maj act paradoxicallv „„ ™ 

lung maj he avulscj from its root an i Within the chest, 

'edicts !:« found fupture of the heart and great 

Tlie effects of "Wuit ’ hate attained some nrn 

some prominence recently, but a 

166 



Anatomy, Physiology, and Pathology of Wounds of the Chest 
full description and an explanation of the findings have not yet been 
achieved. It would appear, however, that numerous small haemor^ 
rhages and effusions occur throughout the alveolar and mterstitial lung 
tissue Free blood in the air tubes accounts for haemoptpis and also 
for patches of atelectasis. The distribution of the ^ 

it is probable that the peripheral areas are nrost ^ 

expecLd when the direct violence of the ' ‘“veU 

the clrest wall. Sometimes it is tn the lung frtnges f ‘f ™ 
demonstrated, and this may be explained by n.ppmg of the soft t.s 
between the lower ribs and the diaphragm, which is driven up by 
impact on the abdominal wall. 

IMiyBiologicol Conshlerolions 

pressure in the pleural sacs. If one p ^ fixation at the 

“"" i ' K ,— .1 • 

pull on the mediastinum is upset undisturbed. Inspiration, 

L unaffected -^e, whose trachv fome is^^^ndntu^^ 

with general expansion of ‘he ch towards itself. The 

sound lung and draws ^ mediastinum swings to-and- 

result is that with each act of resp . . ^ 

fro or "flutters." The effect of ‘-P''" ,,, .,,ohea 

affected lung, but as it does so ' ™ j lung. It also means that 

and abstracts some gases ® ._. P ^.^pimtion the reverse effect 

this lung becomes reduced L Slapsed lung, which thus 

occurs and some gases are forced into m 

moves paradoxically on respiration. "Pendelluft” of 

The movement of gases from u g content and diminution 

Brauer — results in a steady , imperfect ventilation of the 

of oxygen, with consequent me occur to any marked 

sound side. The sum of all ^ r ventilating surface by collapse 

extent, means that there is actua ® stimulation of the respira- 

of one lung, imperfect ^ on the circulation by the to-and- 

tocy centre, besides the effects p easels and interference with the 

fro movement of the heart and great vessels an 

venous return. 
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Puncture of the chest wall or lung may lead to an open pneumo 
thorax but if the opening is not valvular little harm will result But 
unfortunately in traumatic surgery it often happens that a ragged ex 
ternal wound through the parietes constitutes a valve and admits more 
air than can be expelled Air bubbling and frothing through blood at 
the skin wound indicates that sucking wound that is potentially so 
dangerous to the respiratory economy Within the free pleural sac air 
accumulates steadily — a feature that is made worse by bouts of cough 
ing which are an almost inevitable concomitant of thoracic injury — 
and a state of intrathoracic pressure or tension is produced Tension 
pneumothorax or pressure caused by a haemothorax is a common occur 
rence in thoracic surgery the mediastinum is pushed over and encroaches 
on the ventilation capacity of the opposite lung 

For recognition of this phenomenon there is a physical sign that is 
often overlooked— namely the position of the trachea in the neck The 
tube IS easily palpable m the suprasternal notch and any deviation is 
rea 1 y apparent The sign is valuable since the apex beat and cardiac 
dullness are sometimes obscured by pleural fluid and are diffiailt to 
T ^ f dressings and bandages The early 

N npM ^ "" r?" IS of the utmost importance since 

whet«s . s ,ap,d rel,=£ could be obtamed by puttmg a needle into 
the pleural cavity and letting the air escape 

to phenomena can give rise 

tressed symptoms The patient is cyanosed and dis 

dull an“i *e chest is 

and rales are heard ^tL ^finite bronchial breath sounds 

the audible breath « A pneumonia may be made but 

the opposite side where the ineff the rales are transmitted from 
mucus and secretions There is no T “P'* 

act as a damper between the air c partially collapsed lung to 

to which the^tethesc;petap;,?erT'" 

described may seem unnecessa^ but m”,” ' T “ diagnosis as 
patient it is not always easy Jp^^ise *1'! ‘T' T*'''' 

ammation which would lead to the tecne r complete ex 

One can only emphasize the important LT” u 
of tension occurring and decidmg wheJr'™'”^ u'"® P°“'‘’‘'“>’ 

midline ® the trachea is in the 
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Sliliculancoiis Enipliyucniii 

This is a common accompaniment of thoracic injury. 
fomes from the torn lung and is expell^ through a brea h 

even if one is present. The axi 

the typical crackling *'"”‘'°"; rt,en. unrecognizable and the eyelids 
neck may blow up, m^^'nS ‘ J „ condition is always more alarm- 
so swollen that he is unable to se . without a sur. 

ing than dangerous, and when it oc^rs ■"/ ‘J fragments- 
face wound it suggests damage to lung by broken g 

Iloemolliorax 

The possible origins of blood in “Horn, pulmonary 

the intercostal or internal mOTtnary 
vessels may be ruptured, or tte hea 

damaged. Clinically Jt JS ctvrnianeous arrest. Section of an 

active or whether it has undergone haemorrhage and may 

intercostal artery is likely to lea „|n,onary haemorrhage, uiiless 

therefore require urgent attentio , ,his latter lies m a 

rapidly fatal, tends to check itself. factors. On the one hand, 

balance between wo "P*?. Jd the capacity of the pleural 

vessels in the lung have a wi o acainst these features there 

sac to receive blood is low pressure in the pulmonary 

are the potent influences o ^ . I JL jq ,eiract and so reduce e 

circulation and the if To oft it in another way, blood and 

actual size of the wound in itself. P Heeding area, 

air in the pleural sac form a pad whi with life. 

A haemothorax of several pints “P“/ „,j, saved many lives, 
though prompt blood s( unusual character in that it 

Blood in a haemothorax has Infection and tissue 

tends to remain fluid in a large ^ jj,any instances the e u- 

laceration may produce f uspirated eflicienlly through a 

Sion shows little if any clot “"‘t ^ J ^ timated the haemoglobin 

needle. I have on a number of ° the free pleural blood 

and fibrinogen content of both the m ®thorax fluid shows on a 
within a few hours of ”l“7„u,^',^u„lobin and an almost complete 
average a reduction of 35 to 50/,, ntovements of the 

absence of fibrinogen. The “ *^d ,he blood as it wells into 

and lungs have whipped up reduced haemoglobin figure 

the pleural cavity. To account for the 
1 ® 
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IS suggested that the blood is diluted by a serous effusion poured out 
from the pleural endothelium in response to the irritation by blood 
The amount of clot, if any should be present, is so small that it seems 
improbable that a concentration of red cells in it would account for the 
low haemoglobin figure 


Alassive Collapse 

Massive collapse or pulmonary atelectatis is a feature that is quite 
often encountered particularly with a crush type of injury At first sight 
It may seem difficult to understand how an injury to one side of the chest 
can cause collapse on the opposite side, but the present conception of 
ffie evrf" ? T® , to a bronchus makes 

me mav 0^ Blood or mucus m the bronchial 

mducLT r “PO'**™ “Ugh reflex 

auras flmlt „ft".r” mr tube 

into tL Wo i / "0 rapidly absorbed 

ge her hafraffe r 

ves eh and , '“"S “ «Pto«ntod by a wedge of 

affect Ihe sutundl r' Th" mass now 

mediastinum is pulfe?ovTr“thc d.anh 

retracted, and the adjacent lune 5 ^ f"" and the chest wall 

If, the atelectatic area fails to re^exornd**’* compensatory emphysema 
pill of the elastic fibres fin, 11 ? ‘h' 

ere left for it to affect— the enW **’' “"'P 'Noctures which 

stages the cartilaginous bronchial waUs^tenrr' 

tion, but the continued cenirtf..rt i n external trac 

and becoming dilated In shorf^ finally results in their stretching 
chiectasis will inevitably follow' 'rne?"* persistent collapse bron 

infection which determines wh«»»*h ' ** * question of later secondary 

bronchiectasis will develop " classical signs of infective 

rail, 

"ould hi’ expected, laOTTuon ITd* what 
cipal features The extensive blood ^““^“00 Being the ptin 

fart that many badly torn fracmenis! ^ accounts for the 

to later infection is considerable A i, though their inability 

as a tense firm swelling of rubber htf presents 

Molct colour, with the Msceral pleura ^ purple or 

o\cr Its surface Extravasation into alv«r.i ^ to breaking point 

t produces a condition of con 
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solidation which is demonstrated clinically by stamed sputum whtch 

later becomes purulent as the f ,houS 

of infection on the lungs and pleura w.ll not be d'-us «! here though 
their role in the subsequent fate of the patrent .s clearly of the utmos 
importance. 

Distant Ilcncx Cmn,.lica.i«.» of ChC Injuries 

These complications are often irthe“bodp 

effects may be attributed to damage appears to be 

There are, however, certain features common 

chest injury alone, and of these reten ion stomach is apt to be 

and most easily remedied. Acute ' cause considerable 

overloolred in its early stages “ , rnmnlications may also be 

and serious trouble. Among 'h«f .^“omma comphe^ 
mentioned '■blast," in which multiple and ^ j it„„. 

mesentery and under the bowel peritoneum ^ ^ penetrating 

itis: I have encountered two such cases accompanying p 
wound of the chest. 
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CLOSED WOUNDS OF THE CHEST, AND THE PHYSIQAN’S 
PLACE IN A CHEST TEAM 
By J A NIXON CMC MD FRCP 


Changes in climate the nature of the soil, the character of weapons 
and missiles render the aspect of gunshot wounds of the chest exceed 
mgly variable In the South African War it was decided that chest 
wounds were best left to the natural processes of cure In the war of 
1914 18 sepsis was so frequent in all varieties of chest wound that by 

1916 Duval of the French Army and Cask of the British Army first 
began to apply the general rules of surgery to lung wounds In July, 

1917 a meeting of consulting surgeons and physicians drew up a 
memorandum which was communicated as a guide to all medical units 

A Guide for Medical Units 
BncSy the following rules were laid down 


any Other larae wounfl^th including the above should be treated as 

any per wound the comminuted nb fragments removed 

removed haemothorflv*'” ° y shown by radiographs to be accessible should be 
men^my be Ten or small frag 

should be a^spiTfed ThiTw^best doT" f!"* Persistent respiratory distress 
5 Gross infect.o«IT» ^ t ^ ® eight hours 

infection may be closed resection and drainage Mild 

off “ performed until initial collapse has passed 

8 Any case subjectirto discovered at a thoracotomy 

after operation thoracotomy must be retained for ten days 

^ a ray plant and o«) 

arc essential to successful chest sur^ry'^*^* access to a pathological laboratory 

treatment Cask esfimate'd fta expectant 

treatment rn the first trventy four'hn'’’"’’' 

bullet wounds often becoiw sentir through rifle 

CCS (with whom I worked for a shoH-*’!’"" ^ Canadian 

empjemata were not more common with"' ? 
through and through wounds and mtssiles than with 

missiles showed onl) a slighter tenden^ru™"** high explosive 

bullets Of cases with retained foreland I 

oreign bodies (10% bullet 90% shell) 



of ,J,c aes,. w n,c "' " 

.6% developed septic haemothor.^ at , 

shell). 0£ cases without tetamed foreign bod, (39 5 / . / 

shell) 21% developed septic theslnd rathir 

The determining factor seemed to laceration of soft 

than the nature of the missile Injuries to t 

parts were mainly responsible for ' P'“ f jom choice 

So it came about that the prnpirtion of «ses mat wo^^^ 

(not military necessity) be left ® need surgery is 

idea that "closed wounds as a chests" with several ribs 

dangerous. This is especially true of stove-.njfe^^^^^ 

smashed and driven universally agreed that they 

veritable closed wounds, but 

required immediate operation. rnriewood (of Toronto) and I 

During the summer of 1917 Major near Dunkirk, 

had the good fortune to be so the hne. They came to us 

that we received our chest cases ^ j ambulance. The Passchen- 

at No. 56 C.C.S. without stopping at a l,,ins could be 

daele battle did not affect us. eiccept that n ^ j^^nugh 

spared to take out cases to the tjut we shared the vast 

to convalescence. In parenthesis V Surgical Unit 21, o 

sanatorium at Zuydcoote with 'he worked there from 

which Prof. Duval was the ^hief '^„„ber of "G.S.W. chest 
August to November, 1917. Th , nn 82, and non.operated 

admitted was 168; °P'"ho"s "’«« P^ j „ses 9 were brought in 
cases amounted to 86. Of the n P . j igp, yet 55 survived, 
dead, 21 died within a „ operation in only 56 cases, 

appears that we refrained deliberately ^ 43 ,s the 

As I look through the fatal "°",°PJ , ^ ^nice not to operate. The 
only one upon which we decided °f ™ , ; favour of early opera- 

results of this group of cases turned he scale 

tion rather than early evacuation ,„d mine. In Septem- 

I have one other set of figures of ,best ward at Heillyc 

bet. 1916, 203 cases were j low death rate is p^ 7 

Of these only 16 died in the - ._ ■* , j^. injuries were ta 'en 

explained by the fact that abdomino^horac^^ 3 die 

surgical wards and classified 1 1 b„3C., but of the 1 68 case 

aftthistory of the 187 cases ttvacuatri » the ^^^„„3ce„t. Lock 
at Zuydcol 113 lived and were ‘’“^"SC^nwed a high P««"' 
wood noted in his paper that the S ^ ^ mortality of nearly 
recoveries in cases that previous y shows how few 

I lay stress on this experience because 
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physician will choose to treat expectantly Perhaps the propliy lactic 
use of sulphanilamide may justify a change in practice 

Cln' 48 if]cahnit of CiiiiiK 


It comes to this then there were vci) fea GSW chest that, in 
the climate and soil conditions of France and Flanders, a ph)Sician 
would choose for esipectant treatment But circumstances ma> compel 
expectant treatment — for example the absence of surgical facilities or, 
even with these facilities the absence of radiographic facilities, or the 
patient may be unfit for operation owing to the seserit) of the intra 
thoracic injuries the severity of external or complicating wounds loss 
ot blood or collapse or shock due to cold or transport Allowing how 
“ns'd'tations there remain two classes of closed wound 
which the physician may be allowed to look after (I) the cases in 

LI T7oru‘'“ "“““O' and thl Ltients condi 

and in wh 1, ii, “P"ation has been performed 

Ixlnenl of ^0 physician without 

fircroup f 


Early Aapirntioti 

rx s 

haemothoiax immediately aftel the wT”? Pnaumothorax or 

from the urgency of thp A unding Occasionally it is obvious 

immediate aspiration SomehlS'iris'h’'' >=) 

has been tried without ^urr becomes evident after resuscitation 

recovers partialTy fmm ho ZeP The patient 

often absent while the re^n f recovers dyspnoea which is 

show Itself It IS importaS'^^to^r* shallow begins to 

cyanosis soon after woundinr- urgent dyspnoea with 

collapse or deflation of the Inn,, pronounced in cases of extensne 
thorax than in cases m which^tlT^ T haemothorax or pneumo 

by collapse of the relatively uniniuLd'f"^'^ conditions are unaccompanied 
IS that haemothorax or Dneumrifk A useful point in diagnosis 

collapsed lung pulls it urax pushes the heart away whereas 

The post operative aspiration of .u s. 
that no fluid must be allowed to mil conform to the one rule 

collect m the pleural cavity Looking 
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back at Lock^vood's cases I find it was the rule 

operation was explored eighteen hours later, 'xp or 

repeated several times. Cultures were raa e, u reoDened and 

genic organisms or pus did not mean that the f ^ment on 

drained. We always tried repeated asp.rat.on. ITZlZ 

this point was: "The rapid recovery by asp.rat.on ™ 

infected by aerobes and anaerobes demonstrates tha p 

should be resorted to before considering resect.on 

mortality of tbe latter operation in ch«t wounds at C.C.S. 

50%." Lock-wood’s rules should be adhere o. ^ i, 

“Chest cases should be nujed m tlw “f'" ^ at the end of 

carried out as a routine eiehteen hours alter Isequent intervals 

the third day. Exploration ot the j ' ,ities of fluid is suspected, 

whenever an accumulation of even sm pjyid must not be allowed 

and fluid, it found, is removed by aspiratio^ Misleading, and nothing but 

collect after operation. Physical sign , , ^ijed by x-ray exam- 

repeated use ot the exploring synnge and 2'“^;„,„perated case, should 
inatlon, will keep a chest safely " 

be treated precisely as post-operative scheme. 

It is noteworthy that .°Pf^_^'!'"Mri9i4-18°a separate class of "blast 


We did not recognize in the war ot 
injuries” of the lung such as has been descr j„(,ugh examples to 
casualties of the present war, and I av realized that the 

express any opinion about such injuries. , : ries to which a soldier 
victims of air raids reach hospital alive wit I 

succumbs on the battlefield, and we nor knows 

resulted in death on the battlefield in the last J 
whether "blast injuries” contributed to these deaths. 

The Physician’. Place a chest 

Now I want to say something about physician. One of 

team, because there is always a definite *e follow- 

’ . . . tUx. tn^r 


team, because there is always a a jUnraric injuries in the to 

his first duties is to decide as to the ■"“^.r.othorax, haemothorax. 
ing way: Is there a sufficient ^ree injury to ^ ear , 

collapse of lung, laceration of . . ,agm and abdominal v.sce , 

pericLium, or great vessels, injury *“ f for the severity of the 


ing way: 

of luntr. laceral - 

or injury to vetmbrae or tpinTCrd to account for the seser.l) ^ ^ 

”xr.p, - -1^.* «• “r;- 1 - “is 

immediate operation save one o t e 
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operation for the arrest of visible haemorrhage from the chest wall or 
thorax arrest of haemorrhage from coexisting wounds aspiration for 
relief of pneumothorax (usually vaKe pneumothorax), aspiration for 
relief of haemothorax temporary closure of open pneumolhonx 

Duval pointed out the immense value of blood pressure observations 
in the differentiation of shock from haemorrhage The patient must 
be kept warm and every half hour the blood pressure be gauged by the 
sphygmomanometer In cases of pulmonary haemorrhage great care 
must be taken not to lower the head and not to administer subcutaneous 
or intravenous injections If the blood pressure progressively falls 
operation is indicated as haemorrhage is outweiglung shock It must 
be realized that a patient with a simple through and through wound 
or one with a small missile retained should not be profoundly collapsed 
or in great respiratory distress after being kept warm and at rest for an 
hour or two If at the end of (his time the condition has not improved 
the following possible causes must be considered in addition to the 
mtrathoracic lesions just mentioned haemorrhage severe parietal and 
external thoracic injuries diaphragmatic and abdominal injuries and 
multiple wounds other than abdomino thoracic 


Ilacmorrlmgc 

I" amount and there maj still be 

“ 'n ^ of 

shock Whl'n°th enough to produce severe 

thorax no “'"oaletl size of the haemo 

of he h eed , u ‘I”"*") °t Hood lost as the greater part 
rna It onfur"’' ‘’'t" “ “se phys.cal exL 

torax ani t ‘hat thefe rs an open 

hlfhr rt.„?d“n‘ 

accurately by radioeraohs Sm fi'^e^test importance to locate it 

to thlrtyL hour/are scarcefy e^e T'T'"® 

Tvood and I say only 5 cases of ren **“' t f-o^*- 

“y 3 cases ot recurrent haemorrhage 

Severe Par.ctal and E„.r„a| Thnrac.o Injuncs 
Comminuted fractures of ribs sran,.l, 
est symptoms even in the absence o/s<Lerr.t/th™ T" 

of the utmost importance m such cases r “ 

mtrathoracic or pulmonary rnjjy Physiol *0 =>ttent of the 

and percussion is difficult to nerfnrm^ j by ausculation 

It will give little mformatiofbCndtrrte “’t'’ " 

/ uiDiisning the presence or absence 


176 



Closed Wo,o,ds of the Chest, md the Phjsmads Place in a Chest Team 

of haemothorax or pneumothorax. But .t « easent.al 

know beforehand whether this operation should be li P 

or should extend to the interior of the thorax. A* 

entrance wound is small and clean and t there 

whilst the extensive bone injury is confine limited to 

will be no in.driven fragments, Se - 

the parietes. But if the entrance wo 6 if a large missile 

fragments of bone or pieces of clothing, and f 

is retained, the operation must extend to the interior of the 

Associated Injuries 

Careful attention has always to be paid to injuries 
thoracic which may have been cause y e abdom- 

have struck the chest, particularly injuries o whether there is 

inal viscera, A prompt decision must e whether the thoracic 

sufficient thoracic injury to produce the ^ looked for below 

injury may be ignored and a ^"'“Jj'L^and reliable opinion expressed 
the diaphragm. To the surgeon a d negligible is of great 

by the physician that the intrathoracic i J y ^ physical 

assistance. In order to form a definite opi of case 

examination of the chest becomes more , j. jf there is no great 

previously considered. If the heart is no p of air or flui 

degree of surgical emphysema; if there i , of air entr)’ into the 

in the chest; but, above all, if there is a . ^ l^as entered the chest, 

lungs, it may be assumed that althoug ' |,.jnd.through wound t e 
the grave lesion exists elsewhere, n important structure 

track of the missile may make it obvious J the presence 

intervened; failing this, radiographs ^1 signs and symptoms. 

of an abdominal injur)' is made clear b> clear indications 

Abdominal rigidity and immobility are no j p^re chest 

of abdominal injuV; these signs are 0 ^ pr«jt 

Increased dullness in the spleen area, abdomen. 

ness in the fianks, localized tenderness . P ^^g^^atic injnO'- ‘ ' 

peculiar "catchy" breathing suggestne ‘P as indicating m) 

cup are signs that should be noted an 

below the diphragm. ^ . 

Spinal Injurir. ami 

Spinal injuries demand >^ccognition. » j 

involve the actual spinal cord. „J present very r''"''"? 

vertebrae may cause the gravest symp 
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features Excessive pain, radiating very irregularly, is constantly met 
■with in injuries of the vertebral bodies, and resembles the intense and 
erratic pain due to erosion of the vertebrae by aneurysm Profound col 
lapse which resists all efforts at resuscitation is often seen in spinal 
injuries, even when the cord is undamaged 

Apart from the associated injuries which the missile entering the chest 
may have produced, there rnay be other wounds that make is difficult 
to decide whether the patient s serious condition is attributable mainly 
to the chest wound or not Here, aga/n, // there is (air sir entry into 
the lungs, the intrathoracic injury may be put on one side A patient 
with one lung expanding well should not be greatly distressed even 
though the other lung is completely out of action, provided some hours 
have elapsed to allow him to adjust himself to his new conditions, and 
provided he has been kept at rest 
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STAI5 WOUNDS OF CHEST WALL AND LUNGS 

III- ALKX STKWAIU). M.D. 

S.rir«« (» Krla.,»rr II.., ■<!<•!. T.n.m.c 

No Class Of svounds. unless .t be ... a less centers of 
the essential physiologic processes of the bsHly more "P'** > »' “ ^ 3 , 

of the chest. In atltlhion ,0 the rap.d phys.ol^.cal cha"£«;;';-* 
be met, many patliologic 5 cc|iiellac ma> be exp .-,. 5 *ent- care during 
resjuites mote accurate iudgmeut at onset or more pets, stent t 

. . .. t.„„s classified in several 

Injuries and ss minds of the chest h.is and perfot- 

svays, LilienthaP divides tiiem into supetlicia . p , A simpler 

atinp, the last tsvo classes being diiierentiat on ) > ? injuries, 

cUssifKation is given by Colc^ into external ^nd ^ ^ 

while nigger^ calls them [perforating an no p , involve 

explicit description may be made of ;rjt„:lnds svhich 

layers of the thoracic wall to tlic parietal p ’» (i,s_ 
extend through the parietal pleura to this discussion is based 

An analysis of the type of wound upon " service in a 1'^'° 

may be estimated from the figures for i le ^^jjl serve 

hundred sixty bed city and county hospita^ rounds are similar 

as an average cross section of tlicse ^ ,gven patients with 

to those discussed by Hlkin/ Two hundred mnety^e 
chest wounds were received in the emerge v colored; 

showed eighty-eight to be white and tv'O ’ f-mnles’ tpventy-two were 
two hundred four were males and seventy-one ,ere: nine- 

dead on arrival. The causative agents of i punshot wounds, seven 
teen from automobile accidents, cightwn t farm, 

from industrial injuries or n^inor accidents a^^ 

The remainder of the two hundred fift)-l tte group that we are 

apparently with homicidal intent. It r j, committed wi 

interested. Of these chest injuries. • u razors, one with a 

l^nives, fifty-seven with ice picks, -.^gr did not know of wa 

hatchet and in fifty-eight cases the . figures are summarize 

unwilling to tell what weapon was used. majority of th^ ^ 

i" Figum 1. Fortunately for the ''“p.tA fiflythree slab 

wounds are superficial in type, and o to the wards. 

Wound cases, only one hundred four we (Tpjjjgrs) the P‘ , 
Among the Negroes, (the two to one -^^ous, looks ba 
favorite weapon; it costs five cents, is no ^^|.Q^vn a hundre or 
drawn and with a metal handle may easi y 
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fttt uhen It IS time for flight The switch or spring released knife, 
tilt blade of uhith \irics from four to six inches is a more expensive 
favorite A frog is a single bladed knife, three and one half to five 
inches whose pm is oiled and spring filed so that it can often be opened 
on the tlirow almost as rapidl) as a switch 

Pcculiarl) ver) few bayonet wounds of the chest were seen m the 
hospitals during the last war The reasons given for this are first 
that the wounds were so severe that the victim failed to survive the 
tnp second that the armies were taught to lunge for the abdomen so 
that tlic bayonet would not be caught in the ribs and third in case the 
bayonet was difTiailt to withdraw to shoot it loose During the Civil 
with much hand to hand fighting there were reported in the 
cs era Harncs- only thirty eight sabre and bayonet wounds 

«n n total of 216 712 wounded 
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Stab \\'''oumii of Chest }X''aU and Lungs 
slashed by an irate husband or jealous wife. Morphine and reassurance 
may quickly cure what appeared to be an exsanguinate patien , 
adequate pulse pressure confirm the cure. In examinat.on of the chest 
it must hi remembered that a peripheral injury w.l cause a degree of 
splinting commensurate with the pain, and decreased 
pLtor) sounds. Also, a definite atelectasis of a portron of the lung 

to some authors (Head,« Davis,' and Everett'), explored d^rded and 
accurate hemostasis established. More care than is 

wounds should be used. The attendant f “f , 

wound — hematomas and infection are pi > . , throuch the 

hematoma or infection most meticulous sur- 

and requites careful debridement. particularly disturb- 

Th "external bleeding from intercostal « mtUoracic 

ing and must be stopped. “'t^reported. The inter- 

hematoma with marked exsanguin protected, particularly in the 

costal vessels themselves am usually inferior and inner 

adult’s lower chest, by •f"’S ^ j p,. seen by simply spreading 

aspect of the ribs. If the 'f ,r°meroostaI andShe serratus 

the wound edges, strong rettac i vessels into view. Should 

muscles may bring the severed ends of the 



.uiram ot intrapvlmonary type OT v 

, he nassed around the entire rib abote 

this fail, a sub-pleural suture may P ^ pf (i,e rib 

and below the site of the bleeding. As a last r 

must be removed without hesitation. region 

After closing the supertoal ■ j immobilization are done 

of the chest thoroughly. The strapping 
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for the patient s comfort and m an effort to prevent delayed bleeding, 
which IS aided by the rhythmic movements of the chest 

Because many of these wounds are contracted in tetanus mfected 
localities and are often puncture wounds in nature, the use of tetanus 
antitoxin should be made routine 

Deep wounds extend through the parietal pleural and the difficulties 
manifoldly increase Should the external pleura alone be injured, there 
IS the possibility of a pneumothorax The amount of air will depend 
on the size of the opening through layers — the sucking wound With 
the sucking in of air, blood from the external layers of the wound will 
also be drawn into the pleural space producing a hemopneumothorax 
If the wound extends to the lung tissue, we have the possibility of 
both an internal pneumothorax and an external hemopneumothorax 
(Fig 2A) 

With the formation of the pneumothorax there is collapse of the 
lung The extent of collapse will vary with the size of the openings 
and the presence of pleural adhesions Graham (quoted by Bigger), 
has shown experimentally that if the size of the external opening equals 
the crow section of the bronchus, there will be an adjustment of pres 
sure owever, the soft tissue may make a trap door which closes 
during expiration and the internal pressure will rapidly increase This 
IS particu ar y true when the lung is torn and the patient is coughing 
The intrathoracic pressure of the cough is estimated to be as high as 87 

CDnsid^bk a,r 

M i '“"8 opening ,n,o the pleural space 

Lose '“"8 *ese ".ay be torn 

Thf opening or a secondary hemorrhage 

astimim r ^ Compression against the medi 

p acerTen, drsplacemeut The degree of d.s 

Sund “>e lung to the chest 

compression onhe lunTagLsfthe"^’’' d'splacement, the 

citculatory emba,ra!smenl m J 

fixation L mediastinum is entirely without 

the great vessels with ^ displaced and swing laterally from 

rn .hLc.c:mtar;LSuVTS‘‘’"-“ — ed 

but m the presence splriPcted to displacement and embarrassment 

frequently robbed of an ""’“‘"'"S 

res^nahon result.ng fro^eta&r" *“"7 

active lung is shifted back and forth into 

ronn into the dead space of the opposite 
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bronchia, tree. The Germans have ^ 

luft," and these patients may actual y > sucking in of ait. 

The first tteafment in deep wounds ts to by a 

This may be accomplished by a few su ur , ^ externally 

temporary rubber dam placed over t ' as quickly as the 

discharging valve. The wound shou ^_^^j,^asia during which a 
patient's condition will permit, un 

positive pressure may be maintained. must be combatted. 

^ To prepare for surgery. *e shock m „eedle or valve 

Morphine, heat and aspiration of the j. used with the 

are the best procedures. Intravenous ^ , . (.implications follow- 

greatest caution. This fact has been emp a applied to traumatic 

tg thoracoplasrles, but has nor beeu ^ ,hock, incident 

emergencies. If the patient is suffering ' ^ intravenous sup- 

to trauma in which the pneumothorax is a condition is t c 

port of the circulation may and shou ^^^moression and mediastina 
result of cardiac embarrassment from . ^(jy embarrassed ng 

displacement, increasing the burden on . g^ter the right he^ 
heart may result tragically. Intravenous ^ if 

first, right ventricular pressure at best is on>^j^he veins and right 
and in the presence of traumatic pn^u ^ greater than they 

auricle are often struggling against air p 

’’'°The'' immediate needs for severe foUowtoS 

at times is supplied by the longer, Kp« ^,P ^ h.be, a^ a K 
doses of morphine, or directly by o>yg , j pressure. 
of the collapsed lung from the hig m ^ needle, any of t ^ 
pressure may be released through an inter intercostally, 

valves designed for this purpose, ^ valve. the 

a slit finger cot tied over ^ -d act.^g water - thoug^ 


designed for this purfMSe, ^ ^^Ive. m , ,be 

slit finger cot tied over the end acting L ,he 

alve is less cumbersome *an an out '‘i^“„hally 

uction with the tube under water in y ^ ^ inserted m 
eceptacle. Of the three methods. the distal enf ^”^ ’be 

through a trocar and a slit finger cot bed about_ can 

•' -1 e a. in the emei 


"cot tied about the distal be 

>iougn a trocar ana a sm *■ and n* “ 

ipid release of pressure in the emerge funds* 

asily observed. «„licated by must 

Should the pneumothorax be ^ ,jjg game but the 

tnental compression of the lung rema j (.jivity . thoracic 

he more artive. Bleeding foJ both. If lighted 

thoracic wall inward or from the offenders and m 


"all, the i 


vail inward or trom ^ 

intercostal vessels are the gre 
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as soon as the patient s condition 'lllo^^-s Should the bleeding be from 
the lung there are two sources, the bronchial arteries or the pulmonar) 
vessels Little attention m traumatic cliest condition has been gnen 
the dual blood supply of the lung, although Ccttman'" lias called atten 
tion to the pathological differences m the two circulations Should the 
periphery of the lung and the pulmonary vessels alone be mvolved, there 
wi usually be found a moderate amount of blood and a moderate 
pneumothorax Both of these tend to compress the resilient lung tissue, 
0 cose e opening and to check the hemorrhage The physical find 
gs o t e hyperresonance, basal flatness and diminished or absent 
breath sounds are typical of ,he condition 

fhp original low pressure of the pulmonary vessels and 

increa<;p^ reduction to capillary pressure is rapid The 

moderaip pneumothorax will cause hemostasis m the 

"o evidence of cardiac 

treated eener'^II^'^ mcreasing hemorrhage, the patient may be 

of “eXI two hours hfs elapsed Tb,s length 

of ptimarv coniarr, and gives an idea of the presence 

attempted from theTr^iv” r ^ of the amount of blood is 

that blood has a ^ reviewing the films, it is well to remember 
gerated picture S*''® ^ 

the blood with serous pv ,",4 ^ Also, the pleura rapidly dilutes 

first picture increase the fluid as compared with the 

^ting blood from i^rl Lilienthal advocated aspir 

method was met with conlllfpr and replaang it with air The 

who feared infection 'Wti i opposition by those of the profession 

thorax cases will becnmp L ^ per cent) of all hemo 
Boland Sandison and M *®2jority of observers (Sonte,^" 

ment because (iV senes f advocate aspiration and air replace 
infection (2) hospitalizafinn ^ higher incidence of 

pleural thickening and atel r*^ * ortened, and (3) there is less residual 

their long attendant difficulhe empyema and abscesses with 

must be treated as the case A * . respiratory infection These 

When a bro„.h.ara“:;‘’„T“* 

problem is presented The h « severed, a very serious 

receive the systemic pressure of a w arising from the aorta 

mam bronchi and their inmrv i. They accompany the 

cases the bleeding is mtrapulLonarv ^ bronchus In these 

7 Gurgling bronchial rales at first 
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l)eard below the level of the wound are rapidly silenced as the alvoelae 
are filled with blood. The percussion note is flat. There is usually little 
cardiac embarrassment or displacement. As the level of the blood rises 
into the bronchi immediately above the injury, coughing produces small 
amounts of bright blood. Aspiration usually obtains only a few cc. of 
blood. However, should the rent in the peripheral lung tissue be large, 
the blood may find its way directly into the pleural cavity. In such a 
case aspiration of the blood and compression pneumothorax with air 
may be utilhted. The patient is in no condition for exploration or lobec- 
tomy. When exsanguination is imminent and donors not available, auto- 
transfusion of the aspirated blood directly into the median vein may 
be used. A 50 cc. syringe with an outlet stop cock, glass connections 
and rubber tubing make a satisfactor)* apparatus. The side opening 
of the stop cock is utilized for transfusion and air replacement. 

The chest wound with bronchial artery bleeding and bronchial dam- 
age is the most difficult type and the least satisfactorily handled. With 
the lung tissue filled with blood, interpleural pressure with pneumo- 
thorax has little effect on the solidly filled organ as it is impossible to 
inject sufficient air pressure to stop any except a small bronchial vessel. 
Intravenous therapy will increase the blood pressure and the bleeding, 
lixploration for the bleeding vessel is impractical. Phrenicotomy, with 
the weight of the blood on the diaphragm, may cause its descent and 
increase the intrapleural area. Supportive measures and allowing the 
rise of the blood level within the lung tissue to compress the vessel is 
the best procedure. 

If the bronchial vessel is small and only part of a lung involved, the 
patient may respond to the treatment of "masterful inactivity." Very 
slow resolution of the blood with a low (100"), constant temperature 
for about eight days may result. Six months later a narrowed atelatatic 
shadow, slight diaphragm rise and emphyzema of the lung above may 
be the only residua. 

Should the intrapulmonary bleeding be massive (approximately two- 
thirds of a lung), recovery from the bleeding will be followed by a 
disappointing series of complications. A gangrene of the alveolar tissue 
results in a sepsis. This is usually discernible at about the fifth to sixth 
day by a septic temperature, and leucocyte rise. Drainage, closed or 
open, has no appreciable results. Radical rib resection, removing large 
quantities of gangrenous material and packing and irrigating with 
various antiseptics, produce no results other than a bronchial fistula and 
the patient grows slowly more septic. For these reasons, I advocate 
lobectomy in the intrapulmonary type of bleeding at the first signs of 
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sepsis A diagnm of the simple hcmopneumothorax as compared witli 
the intnpulmonar) t>pc of bleeding is seen in 1 igure 2 

Coucluttionn 

1 Gire must be taken m examining and repairing superficial chest 
wounds 

2 The immednte closure of deep chest wounds should be done and 
aspiration or \alve control of interna! pressure should l>c used 

3 The mistaking of s)stemic shock for right heart embarrassment 
and the dinger in using intia\cnous solutions in the presence of m 
creased intrapleural pressure is emphasized 

A There is a difference m Ireilmcnt and results of wounds msoUmg 
the pulmonary and those invoKing the bronchial Ncssels 

5 Lobectom) or pneumectomj should be used in massite intrapul 
monary hemorrhage at the first signs of sepsis 
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OUTLINE OF TnEATJIENT FOR SEVERE WAR WOUNDS 
OF THE CHEST 

By HAROLD NEUHOF, M.D. 

New York, N. Y. 

Wounds of the chest feJated to bombing offer no special surgical 
problem because the devastating effects of hurled fragments of glass or 
stone are analogous to those of flying fragments of high explosives. 
Although the character of chest wounds thus remains essentially un- 
changed from that of the first World War, considerable difference in 
treatment should be anticipated because of the advances in thoracic 
surgery in the intervening two decades. The advances have been in 
three principal directions: (1) a better understanding of cardiorespiratory 
physiology, (2) positive pressure anesthesia, particularly with the newer 
anesthetics and (3) the technic of removal of large sections of pul- 
monary' tissue. In this outline of management of thoracic wounds I 
propose to indicate the part which I believe these advances should play. 

As in other serious wounds, the effects of shock and hemorrhage often 
are to be combatted in the initial phase. There are two features inherent 
in all serious thoracic wounds which create special problems: (1) the 
agitation of a rigid yet constantly moving bony cage, and (2) the likeli- 
hood of interference with the function of the heart or the lung, or both. 
Significant effects of the severer injuries can be briefly enumerated: (1) 
air in the pleural space with or without blood, (2) bleeding into the 
pleural space which tends to continue if the lung collapses, (3) sucking 
wound with increasing intrapleural tension and mediastinal shift and 
(4) bleeding into the pericardial sac and cardiac tamponade. 

Diagnostic (Questions are here omitted yet emphasis should be placed 
in season and out of season on the fact that grave damage may result 
from an apparently insignificant penetration or, put in another way, an 
insignificant penetration has usually inflicted grave damage if shock has 
been induced. 

The surgical management of a serious thoracic wound should be 
related to the time and place of first treatment, the urgency of the case 
and the availability of special personnel and equipment. General treat- 
ment will not be considered. The primary requirements for the local 
lesion are; (1) morphine, regardless of a possible untoward effect on 
cough or respiration, (2) for a sucking wound, tight packing and 
strapping and (3) for hemorrhage from the thoracic parietes, tight 
packing of the entire tract in the chest wall. Incomplete emergency 
operations, such as the suturing without debridement of a sucking wound. 
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are to be deplored If the patient is suffering from tension pneumo 
thorax after emergency packing of the wound, the trapped air should 
be at least partially withdrawn by any available means When, how 
ever, tension pneumothorax is due to a laceration of the lung, resort 
must be had to a continuous evacuation of the air There are t^vo 
excellent methods for this purpose closed drainage under water into a 
bottle situated considerably below the level of the chest or, especially 
for a patient to be transported an intercostal tube with attached flapper 
valve as devised by Lihenthal 

An urgent condition which calls for immediate surgery whenever pos 
sible IS cardiac tamponade due to a penetrating wound of the heart In 
addition to the picture of shock its evolution is characterized by a 
progressively smaller pulse with corresponding drop in the blood pres 
sure distended veins in the neck and a silent heart The absence of 
cardiac pulsation which is the essential operative indication, can be 
established unequivocally only by fluoroscopic examination Lacking such 
confirmation and in the absence of specially trained medical personnel 
nonoperative treatment is probably safer 

Indeed specially trained personnel (surgeon and anesthetist) as 
well as special anesthesia equipment ate eminently desirable for all 
major primary thoracic operations If not available I believe that routine 
conservative treatment which was generally practiced and yielded a 
measure of satisfactory results in the first World War, is m order 
Makeshift operations or operations by those without experience should 
have no place in this field Given a trained operating team thoracic 
wounds m general offer an unusually favorable field for early and com 
plete recovery much mote favorable than cranial or abdominal wounds 
for example The objective should be the restoration of cardiac func 
tion and full expansion of the lung There is thus avoided the intra 
thoracic crippling which is prone to ocoit toim. q/L 

blood clot and exudate Indications for a primary operation by a 
trained team are (l) continuing hemorrhage (2) the definitive closure 
of an open pneumothorax (3) laceration of the lung (4) removal of 
foreign bodies and (5) a wound of lung and/ot of chest wall requiring 
debridement 


Positive pressure anesthesia is imperative for primary mtrathoracic 
operations m my opinion because expansion of the lung is to be 
thieved from the outset tf poestble Cyclopropane ra a particularly 
desirable anesthetic in this field tatatracheal anesthesia has been recom 
mended but appeals to me to be unnecessary even for the most extensive 
operations Positive pressure anesthesia with the customat, mask makes 
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Outline of Treatment for Severe War Wounds of the Chest 
possible the safe opening of the thoracic cavity to any desired extent. 
The removal of foreign bodies and debridement of the lung are facilitated 
by at least partially controlled respiration (carried out by the simple 
expedient of rhythmic pressure on the bag) . Extensive pulmonary lacera- 
tions may require partial or complete lobettomy or even pneumonectomy. 
Scarcely any primary thoracic operation would be terminated today with- 
out pleural poudrage with one of the sulfonamides. Most thoracic 
wounds should be completely closed; when accumulations of air or 
blood are to be anticipated, closed under-water drainage toward the 
bottom of the chest is a safety measure. Special requirements after 
operation may be (l) the administration of oxygen by means of a 
mask, (2) bronchoscopic suction which may be life-saving in cases of 
accumulated secretion in bronchi and bronchioles, and (3) the control of 
abdominal distention chiefly by the passage of a Levin tube. 

Turning to the question of the treatment of major thoradc wounds 
which do not require primary operations, many perforating rifle bullet 
wounds, for example, the chief problem is the management of hemo- 
thorax. The simple withdrawal of fluid is advocated by some, with 
the addition of air replacement by others. In either case it should be 
noted that prolonged retention of blood may lead to crippling peri- 
pulmonary flbrosis, to pleural infection, or to both. 

While primary operations deal with recently inflicted wounds, sec- 
ondary operations are concerned essentially with infections in the pleural 
space. Single encapsulations of pus are unusual. Therefore, careful 
preoperative study of x-ray films are necessary in order to locate the 
foci of infection which will be encountered. A liberal operative exposure 
will usually be required. The problem of traumatic pulmonary abscess, 
whether due to icufeetjon,- to fore^n body, or to both, requires special 
consideration particularly from the viewpoint of precise localization in 
order to achieve accurate surgical approach. Some aspects of non- 
penetrating wounds of the chest, a subject which has not been touched 
on, can be referred to only in passing. An atelectatic pneumonia may 
result from a contusion of the chest wall. Fractured ribs may tear the 
lung with resultant tension pneumothorax or mediastinal emphysema. 
Crushing chest injuries often are characterized by the Itvidity of trau- 
matic asphyxia and at times by extreme dilatation of the stomach. A 
spedal feature of the present war is the remarkable and horrible "blast 
injury" of the chest producing extensive hemorrhages into the lungs. 
These pulmonar)' lesions apparently are due to concussion or commo- 
tion, for there may be no externa! injury. The stricken individual is in 
shock, with dyspnea and cyanosis, suffers thoracic and abdominal pain, 
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and presents .ibdomin.il fluidity not .iccountcd for by other injuries 
In the allotted space only injuries Imntcd to tlie chest liasc l>een 
considered In closing, reference should I>e made to concomitant uounds 
which may rc<]utfc proccdcnce in treatment, and hnally, to thoracico- 
abdominal or adbominothotacic v-ounds, often of grave significance, in 
which the abdominal component ma^ and often docs rerjuire more 
urgent attention 
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SOME ASPECTS OF CLOSED WOUNDS OF THE CHEST 

By J. G. SCADDING, M.D. 

Major. R.AM.C. 

Suggested Program of Treatment 

Prophylactic chemotherapy should be £iven as early as possible in 
every case, on lines similar to those recommended for other war wounds 
(Fuller and James, 1940) . The possibility of prophylactic local applica- 
tion of sulphonamide drugs to the pleura by injection of suspensions of 
the drugs in a suitable vehicle seems as yet to be unexplored; local 
application to wounds elsewhere has been successfully used. Though 
local application to the pleura in cases of established infection with 
empyema has been disappointing, the method seems well worthy of 
trial as a prophylactic against the development of infection. 

Immediate surgical treatment is necessary for cases showing the indi- 
cations already described under "Surgical Intervention.” Wherever 
possible, this and other forms of treatment should be planned after study 
of radiographic appearances. 

In cases with "closed” wounds not showing indications for immediate 
surgical intervention, and those in which after necessary surgical treat- 
ment the chest has been closed (according to the indications outlined 
above) , treatment should be planned to keep the pleura free from blood 
and exudate by aspiration, and to manage the pneumothorax most advan- 
tageously. These questions receive further consideration below. 

Surgical intervention on the usual lines is required later for such 
conditions as empyema, pulmonary abscess, etc. 

Alanngcineiit of the Closed Thorax after Penetrating Wounds 

In most cases there wifi be varying amounts of blood and air in the 
pleura. The advantages of keeping the pleura free from blood and 
exiidate seem overwhelming; the risk of infection, especially by anaerobic 
organisms, developing in spite of prophylactic chemotherapy is probably 
much less, and the occurrence of disabling pleural thickening and pul- 
monary fibrosis by partial organization of the slowly absorbing blood 
and exudate is avoided. TTie drawbacks are that unless efficiently per- 
formed early aspiration may be exhausting to a shocked patient; that 
aspiration may be difficult on account of fibrin clot which blocks the 
needle; and that simple aspiration may result in the recurrence or increase 
of bleeding by causing re-expansion of the partially collapsed lung. Tlje 
latter danger may be avoided by air replaament at all early aspirations; 
this should certainly be done if there is evidence of pulmonar)’ baemor- 

m 



IKar Medtctne 

rliagc in tlic form of bright hacmopt)S« Wilfi these points in mind Uic 

foUo^\ mg list of mdjcattons ma> be Suggested 

(A Aiiirition aud An Repheement — ^These arc indicated m all 
eases m which within a few di)S of wounding there »s a constdcrable 
haemolhorax The indication for air replacement is not so strong if no 
haemoptjsis occurs but if there is Iiacmoptjsis carlj aspiration should 
be accompanied b) air replacement Air repbeement is contraindicated 
if there is esidcncc of a pleural infection 

(u) Simple Aspiration — Tins is rctjuircd in eases seen later in which 
there are signs of considerable effusion into the plcun but without 
haemopt)Sis and in cases m which a pneumothorax has been present 
for several days haemoptysis has ceased and there is a reaccumulation 
of fluid especially if the temperature and pulse arc rising suggesting 
incipient infection In the latter type of ease the object of treatment 
should be to secure re expansion of the lung to minimize the size of the 
empyema that may develop 

(m) Arli^cial Pneumothorax — ^Thc cases considered under heading 
No I will be left with an artihcia! pneumothorax In a few instances a 
wound of the lung may be causing haemoptysis without any considerable 
haemothotax or traumatic pneumothorax In these if haemoptysis con 
tinues the formal induction of an artificial pneumothorax may be a very 
satisfactory line of treatment In any case when an artificial pneumo 
thorax is induced by either of these methods it should be maintained 
for a few days only possibly no refill or at most only one will be re 
quired As soon as active pulmonary haemorrhage has ceased as shown 
by the disappearance of the bright blood from the sputum no further 
refills should be given and the lung must be allowed to re expand slowly 
by spontaneous absorption of the air in the pleura The value of artificial 
pneumothorax has been emphasized on a basts of practical experience by 
Kretzschmar (1940) 

Technique of Aspiration 

A few words about the technique of aspiration of the chest may be 
useful Three points require attcnlion first the patient must be sup 
ported comfortably in a convenient position both so that he is not ex 
hausted by the effoit of maintaining it and so that the operator is not 
incommoded by difficulty of access to the chosen site secondly the com 
mon error of inserting the needle too low must be avoided and thirdly 
a needle of adequate bore tor the type of fluid present must be used 
Tost lire ^There may be factors such as the site of external wounds 

which influence decision about the most suitable posture In most cases 
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Some Aspects of Closed Wounds of the Chest 
however, that shown in Fig. 1 is possible and is very convenient. The 
patient sits propped up in a rather upright Fowier’s position; with the 
arm of the sound side he clasps a blanket or blankets rolled into a cylinder 
about sixteen inches to eighteen inches long, while the arm of the affected 
side is placed so that the hand rests on the opposite shoulder and the 
elbow rests on the top of the rolIed~up blanket. This posture leaves the 
whole of the latter wall of the chest accessible to the operator sitting by 
the bedside. It can be maintained without distress even by an ill patient. 



Insertion of Needle . — ‘In most cases of effusions into a free pleura 
the needle should be inserted in the fifth or sixth intercostal space in the 
mid-axillary line with the patient in the position described. The disad- 
vantage of inserting the needle lower than this is that it is apt to get 
inermittently blocked by the diaphragm at the height of its excursion, 
that fibrinous particles are more numerous in the costo-phrenic "gutter,” 
and that this "gutter” is in any case more narrow in its lower part, so 
that it may easily be almost obliterated by fibrinous deposit on the pleura. 
These troubles are minimized by inserting the needle higher up; if this 
has been done the last part of the fluid may be withdrawn by leaning 
the patient over towards the affected side. 

hze of Needle . — The importance of using a needle of adequate bore 
seems too obvious to require emphasis. There is one difficulty, how- 
ever — namely, that most large-bote needles are made much longer than 
necessary for pleural aspiration- Those supplied with most of Potaln s 
aspirator sets are an example of this. Very' few chest walls require a 
needle more than two inches in length; and unnecessary length partly 
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defeats the purpose of a wide bore needle by increasing the resistance to 
flow Aspiration of a haemothorax may prove very difficult on account 
of repeated blockage of a needle of the usual sort, even of wide bote 
In such cases it is tentatively suggested that larger trocars and cannulae, 
such as are used for the insertion of intercostal catheters or for thoraco- 

painles ly if the technique is sufficient careful The chosen site must be 
adequately anaesthetized, 20 ccm of local anaesthetic solution being 

w7th' a fin 'TT"'" “ ^"■all incision is then madf 

ith a fine scalpel or tenotomy knife, and through this the trocar and 
cannula are steadily thrust between the ribs inlo the ^ ^ 

the interpleural pressure shoulo L controlle?bl in^^or® 
air through a second needle inserted higher i 7sTslTbTlh7™°T^ 
air replacement After withdraw,! „c below under 

should be closed by a single stitch and 

elastic plaster applied ’ ^ dressing, firmly supported bj 

Technique of Air Kepl.cement 

for measuLg the mtraplemarpTOsurrand ^aratus, devices 

m measured volume, into the plLTa Th ^ ‘ aito.tting air, preferably 
by any form of apparatus used for , both provided 

arations having been made for ‘'ficial pneumothorax work Prep 
needle is mJduced: 7 te t Z'T" K 

pleural pressure, higher up above the measuring the intra 

as the fluid IS withdrawn 'through th r*" ''''b«>ngh this, 

‘bat the intrapleural messme T 

at the desired level The pressure reuui ’d ^'*’'1,“' as possible 

judged from the degree of lung colkfs “dividual case can be 

pressure before aspiration is £,77 7 and the initial 

constant pressure within the pllfa rath *7"“ ' maintain 

■ntroduced than fluid wilhdraCn fit f air must be 

useful degree of lung collapse varies 7 a 
atmospheric in men with pi™onsT;ii 7"^ “ "Ws be below 
pressure will he between 0 and ‘“"g^Senerally the mean 

If a pneumothorax appaiatns is 

e the pressure may be 
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measured by the employment of a manometer, and the aspiration stopped 
occasionally to allow air to be injected through the lower (aspirating) 
needle with a large syringe, the amount being controlled by obser- 
vation of the intrapleural pressure. This is a safe procedure, provided it 
is certain from the free flow of fluid on aspiration that the needle is in 
the fluid-containing space. 

If there is a large haemothorax with no considerable air space above 
it, and an air replacement is indicated, the easiest procedure is to start 
as for simple aspiration. When about 100 c.cm. of fluid has been with- 
drawn inject 80 c.cm. of air through the aspirating needle, and continue 
thus until a useful air space is present above the fluid. Insert the upper 
needle into this, and proceed as in the cases with an initial air space. 

Infection. — ^This complication should be watched for throughout. 
So long as fluid accumulates in the pleura specimens must at intervals 
be examined bacteriologically, by both aerobic and anaerobic culture, 
especially if the temperature rises or fails to fall. It is to be hoped that the 
incidence of infection will be reduced to a very low level by prophylactic 
chemotherapy and thorough early aspiration. When it occurs the case 
must be treated on the general principles of the treatment of pleural 
infections, which cannot be discussed here. It may be stressed that so 
long as there is a pyothorax — r.e., a collection of purulent fluid in a 
free pleura — aspiration or drainage by an efficiently closed method must 
be used,' only when the condition has settled into a localized walled-off 
empyema may an open method of drainage be employed. 

Tension Pnciimotiiorax 

This is a rare complication of chest wounds; it results from a pleuro- 
bronchial communication of valvular type, so that air can enter the pleura 
in inspiration and cannot have it during expiration. The pleura thus 
becomes distended by air under pressure, causing gross mediastinal dis- 
placement and dangerous respiratory distress. 

• The presence of a tension pneumothorax may be suspected when 
there is extreme respirator}’ embarrassment with cyanosis, and on exami- 
nation the affected side of the chest is immobile, possibly distended, 
hyperresonant on percussion and either silent or (rarely) with curious 
amphoric respiratory sounds on ausculatioti, and the heart and possibly 
the trachea are displaced on the opposite side. The diagnosis is made 
precise by measurement of the intrapleural pressure, which will be above 
atmospheric. 

Such a case calls for immediate measures for its relief. In emerg- 
ency, with no apparatus to hand, relief may be obtained by simply thrust- 
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ing a needle into the pleura through one of the upper intercostal spaces 
The outward hiss of air is easily audible if a tension pneumothorax is 
present and confirms the diagnosis This simple insertion of a needle 
brings the intrapleural pressure to atmospheric, and results in consider- 
able relief of urgent symptoms If the apparatus is available mote in 
ormation about the size of the valvular opening may be obtained by 
measuring the pressure, withdrawmg a measured volume of the pleural 
gas to reduce the pressure a little below atmospheric, and watching for 

mL L '' If >t does not the needle 

may be withdrawn and the patient watched for recurrence of distress 

“f‘« needle has been withdrawn 

j f , . , Ileched to a simple underwater drainage bottle as 

used for closed drainage of empyemata (Fig 2) This willXTgreat 



Fig 2— Simple under-water 
If, drainage bottle 

“ “I m the tvelopment of a’low 

«P.d re expansion of the'^lunrg.v. 'r.^ 

Aance to heal I, te P'euro bronchial fistula no 

distressed by an intrapleural pressure i'^’ "“t 

needle ,,, s„u open to the an mrferaT ^ leave a 

<i ter If, however, the patient b dist “ loose cottonwool 

Ideural pressure the arrangement s^r n"'"' ‘^‘“ospheric intra 

bottle B rs added ,0 the stp,' I'd™" ^ be used In this, 

a safety valve, letting air into fte svZ" ^ “ 

below a level erjual to that number of P'«™so gets 

^itric by which the tube C project^ “o" almos 

bohle B This IS of course aVs,*le ,o X' ■" 

to whatever level is required for 
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relief of the patient's discomfort. The rather more complicated apparatus 
described by Marriott and Foster-Carter (1940) may be used for the 
same purpose. 



tension pneumothorax, with safety-ralve. 

In general, in the treatment of valvular pneumothorax as little air as 
possible should be withdrawn or the pressure maintained as near atmo- 
spheric as it can be, in order to keep the lung as hrmly collapsed as is 
consistent with the patient's comfort, since only thus has the pleuro- 
bronchial opening the best chance of healing. In valvular pneumothorax 
due to wounds surgical intervention will often be indicated; but the 
measures outlined above may be necessary life-saving preliminary steps. 
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GUNSHOT WOUNDS OT THE ABDOMEN 

By COLONEL JAMES \V DAVIS 
Medxcal Reserve V S Army 
Dfpartment 0/ Stirjierjj Dav a Hospital Statesville N C 

Patients suffering from gunshot wounds of the abdomen, which ate 
not immediately fatal may be saved by prompt treatment 

In any such wound we have several serious factors to deal with, which 
must be handled promptly in order to save the patient 

The location and extent of the injuries affect the outcome It is 
necessary to make a rapid diagnosis with an estimation of the damage 
that has been done also whether there is one or more wounds made by 
a bullet The nature of the injury and the estimate of the damage can 
roughly be made by estimating the number of bullets and noting their 
location Where there has been an injury by a shotgun the estimation 
of the damage is difficult because the shot may go in different directions 
They perforate mtestines and blood vessels and do other damage m and 
about the abdominal region 

The principal effects of a gunshot wound of the abdomen are (l) 
Hemorrhage (2) Shock (3) Perforation of the gastro intestinal tract 
with infection of the abdomen (4) Injury to the nerves or spinal cord 
(5) Injury to the diaphragm and lungs (6) Liver (7) Kidneys 
ureters or bladder 

In most gunshot wounds of the abdomen it is necessary that the 
abdomen be opened and the damage repaired in so far as it is possible 
to do so It IS absolutely essential that a well trained operating room 
force and every possible aid be immediately available for use during 
the operation 

First an anesthetic should be used which will give complete relaxation 
of the abdominal muscles Without this little or nothing can be ac 
complished The patient must be as free as possible from nausea and 
\omtting We have found spinal anesthesia the most suitable for this 
purpose notwithstanding the presence of severe shock and hemorrhage 
In many cases we have found that the spinal anesthesia does not pro 
duce additional disturbance but it aids greatly in relieving the patient s 
shock and distress 

The second important point is an abdominal incision which will 
enable the entire abdomen to be carefully explored or at least the part 
m which any possible damage could have been done Perforation of the 
intestines and stomach should be repaired and the bleeding vessels 
ligated with a minimum loss of tone 
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A third necessity is a suction apparatus with which blood may be 
aspirated from the abdominal ravity without increasing the trauma and 
shock. This is far superior to tlie use of sponges. A suction pump 
in which two suction tubes are available for use at the same time not only 
expedites the operation greatly but prevents trauma to the peritoneum. 

In most gunshot wounds of the abdomen, an X-ray should be made 
and quickly developed, especially if the location of the bullet is in 
question. The X-ray may be developed while the patient is being taken 
to the operating room and prepared for operation. 

It is important too that, during and immediately after operation, 
glucose and saline be available for intravenous administration. Donors 
should be available for blood transfusion while the patient is on the 
table, Of immediately afterwards. There is often a great deal of shock 
and much loss of blood, which can be, best combatted by blood trans- 
fusions. The blood given should be sufficient to replace the blood lost 
It is of greatest aid in counteracting the shock. 

After the abdomen is opened and the blood removed by aspiration, 
the bleeding vessels should be ligated. Packing is of great help in 
controlling bleeding from the liver. The intestines and stomach should 
be carefully explored and mesenteric perforations repaired. If there 
is only one bullet wound and this is out of the reach of the small intestines 
and only the stomach involved, the search for perforations is simplified. 

If there has been more than one bullet wound and the small intestines 
are involved, or if there has been a gunshot wound, there may be mul- 
tiple perforations, and each of these must be located and closed. 

Sometimes it is- necessary, where theintestine is badly damaged, to 
resect a segment of, the small intestines. In one, case, it wastoecessary 
to resect two segments. It is important, however, to locate every.perfora- 
tion or injury to the intestines and see that these are properly repaired 
before the abdomen is closed. Proper relaxation, under spinal anes- 
thesia, lessens the time necessary for repair and decreases shock. 

In injuries to the spleen, it is often necessary to remove the spleen 
through the abdominal indsion. A badly injured spleen, of course, 
should not be sutured. Almost any injury to the spleen may require a 
splenectomy and this should be done without hesitation. It usually offers 
the best chance for the patient’s recovery. 

Sometimes the diaphragm is injured- A single bullet may do con- 
siderable damage to the diaphragm. A shotgun wound may make a 
considerable opening which will require suturing. Before suturing the 
diaphragm, however, it is well to put the suction apparatus inside the 
pleural cavity and see if there is any Wood present, find the source of the 
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blood and stop the flow immediately, in addition to closing the opening 
in the diaphragm 

In liver injuries, the use of the coagulating current may be helpful 
in stopping the bleeding The liver may be sutured by using special 
needles, or it may be best to pack, depending upon the nature of the 
injury In all cases the bleeding must be controlled at once and this 
in such a way that packing, if used, may be removed later without 
dimculty 

After the abdominal injuries have been taken care of, the incision 

IS advisable but m most cases it is not ^ 

In perforation of the intestines and soiling of the abdomen one 

closed wfth f. n" ““ '' that the wound be 

Jdo so of tnlkwormgut wherever possible 

treataent"" xL^Tel" t™ an'V"'' “ 

gangrene ' ^ decrease the incidence of gas 

Pitesm^Cd'L'givTnteSf^ f>o u«d 

If necessary, a small Levm^ <1 " “ *o™' “titraindication 

aspiration Le aTreU; ^ “ ‘>-0 stomach and 

there is gas in the ^“1’ fto --ted when 

abdominal distention be prevented as thrs^ peatest importance that 
of the toxic absorption and aids in thf ^ an increase 

bowels The first few days after the ^ o^tonsion of infection from the 
IS during this time that ae uahl^ r important It 

snd attention Naturally, 'fte Ce ,r‘ ^are 

of injury until surgical treatment^!, Tu ? f'o” ‘ho time 

upon the patients recovery ailable has an adverse bearing 

Infected wounds respond to th I i 

Tnacetm or in olive oil ® applications of Azochloramid in 

In the twenty year period fr^^v t 

re than 150 gunshot wounds January 1, 1940 

m in this clinic Our results haw he, have been operated 

-ere apparently hopeless from the starthTt S°°d Some cases 

of those cases in which we thought at fi “ Z 

«*e patient had no chance at 


more 

upon 
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all made a good recovery. This leads us to the condus.on *at all cases 
should be given every' opportunity to recover, and recovery usually de- 

pends upon immediate surgical treatment. r^rfain 

^ Four case reports of recent injuries follow which illustrate 

'”‘we have used spinal anesthesia routinely in f 

cases and find it the most r ’ 

relaxation is required for quick exploration and rapid surgery. 

IlluBtrative Case Reports 

7 1 T male ace 16, white, admitted November 25, 1938 

with an ahdomind gunshot wound, 

“""o/erl,,: 1. Extension of gunshot tojg W 

2 .^ Evacuation o£ blood, shot and wadding from abdomen. 

^ Closure of large wound in stomach. 

^‘tSfdrenf7t.erior":bdUal wound, removing greater 
portion of the right rectus muscle. 

I- L“^"and":k"^^^ 

'"““S^rTbere was a la^e 

through the lower portion of t e rig intestine protruded. The 

transverse colon and about ^ ^ l^.ge swelling above this, 

wound edges were very ragge . difrhtlv inward, tearing away 

where the^hot had ‘-eled upward and s^^^^ 

most of the right rectus muscl stomach extending 

wadding. There was a hole m py . . along the anterior sur- 
from the pylorus upward for :ere eslping. The gall 

face, through which the stoma* hemorrhage. There were 

bladder wall was thickened du rjortion. The greater portion 

several small perforations in the up^ W j H giaJder, 

of the shot and wadding had f ‘ “;“Vd®plit the Imver edge of 

practically tearing it free from iB bed. The greater 

the liver upward for a distanc 
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portion of the v. adding was found embedded m this part of the liver 
which V. as contused There was a moderate hemorrhage into the 
mesenter) of the transverse colon but no bleeding points could be 
located The serosa was undermmed with hemorrhage up to the 
anterior transverse band of the colon, which appeared to be viable For 
this reason, it was thought advisable not to disturb this further The 
liver bed was carefully debrided and through and through sutures taken 
to control hemorrhage The stomach wound was closed in a transverse 
manner and part of the hemorrhagic omentum sutured over this The 
entire abdomen was filled with blood and debris, along with gastric 
contents and bile The patient was in shock and was given one trans 
fusion during operation and another soon afterwards It was necessary 
to remove the greater portion of the rectus muscle along with a larce 
amount of subcutaneous tissue, which was blackened and contained manv 
small shot The patient is to be given other transfusions X ray treat 
ment to the wound and tetanus and perfringens antitoxin 

.he !L‘ 

^^..l™":en“;fourhc:r“ 

lunMO "oso^vuii, to the hospital 

0, r S' ■"."'eJ.ately under spmal anesthesia 

Laps'd"' ■’'r'"' »Sr;ff‘i“;:Se i 
.ad of.hcTarelrand t wSj:®''S 

hidne, ua, lacerated and Mecdina frtl7 A SrefT' 

entire abdomen did not rpv^.,1 ^ careful examination of the 

anterior and .vis^nrsLra* 1 n'""’’' 

careful!) aspirated before th^» uHy sutured Tiie stomach was 

colon ,’as LeWl^a^olcd a"„d';wr:7 "" -“o 

exploration backward revealed the in , ^‘"5 '''^sscls tied olT The 

.ha. 1. was necesiar, left „ T 

pcnlnncall) A dram was inserted in the'!?"?’"' ''."S done trans 

and also one in the left renal fossa and^telVb ' 

slah wound Tlie inris.nn was th^’eteed '' 

rofteitr flunshotwoundoflhcwallof.l. a, 

tiiaa of the anterior and posterior asalll oV ""'I" 

tn)iirr to the lower pole of the left lidn« i "f ^......ach svith severe 

' ‘‘'‘’"'f “"d also to the renal vessels 
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This necessitated removai of the left kidaq- aftet e« 

tions in the stomach and tying off the blood vessels m the transverse 

mesocolon. .^cr.nr,prativelv Convalescence was 

One blood transfusion was 6'''“. „,eks 

worUng regularly nfa— ‘to ^e hospital September 

rectus muscle. The abdomen wa g 

'^%e,ufton: f. Low right rectus Inclslo..^* excision of wound. 

2. Ligation of right evacuation of large 

3. Ligation of right r^bout one quart evacuated 

amount of blood from te»opetitoneal space. fAOO 

from the abdominal cavity.) ileum 

4 Closure of five perforations ■" *0 uppe' ■■ 

s Closure of two perforations in mesentery pp 

6. Closure of two !J) “"ae“d'in°rettopetiton^ space. 

7. Two rubber tissue tubular d a pl p^j^is 

8. Four rubber tissue tubular drains plaKO 
and brought out through lower end of 

9. Incision closed. „u„ciure wound of entry in the lower 

Findings.- There was “ ^ „„Vle.- This ruptured the 

and middle portions of the rig . . 1 , the peritoneum pet- 

right inferior gastric artery coin in two areas. There 

forating the middle portion of Ih perfora- 

were five perforations in the upper escape of intestinal 

tions of the mesentery to the j'™*"- ^bout one quart of blood 

contents around the P“f°if°Llet ranged downward and back^rds, 
in the peritoneal cavity. The bnHet rang« There 

severing the posterior peritoneum -gtroperitoneal space. This syas 
was about one quart of Woo m amount of oozing 

evacuated and the vein were placed in this region Four 

present, two rubber tissue tubular rhiuM ^^^^P p^,w 5 , 

rubber tissue tubular drains P“ . (he bullet was follow" 
the region of the P«f°'““” j and was found to have 
downward with the explori g S acetabulum, 
coxal bone just on the inside of the aceta 
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Patient was given four blood transfusions in the first five da)s of 
convalescence Temperature ranged between 102 and 104 Moderate 
sloughing of the lower end of the wound followed b) rapid healing 
m three weeks ^ * 


Result Patient completely reco\ered 

*** “ “‘In'dted to hospital October 

12 939 Patient was acadentally shot ,n left upper chest Moderate 

shock and anemia Patient operated immcdiatel) under spinal anesthesia 
opera;, o« l Abdominal section High left rectus incision 
2 . exploration of entire abdomen 

3 Splenectomy 

4 Five perforations in stomach closed 

5 Bleeding vessels in omentum closed 

6 Large perforation in diaphragm closed with catgut sutures 

.ngler“S"fr“'^ -- bleed 

8 Intestines carefully explored 

9 Colon carefully explored 

10 Stomach carefull) explored 

12 Incision closed 

13 Debridement of wound in left loin region 

andtwoh:wmr:^'r;:'.;f:^;f™ ‘"“/r*''' 

and somewhat mwltd' The'rf we"" 'ff' and ranged upward 

but these did not perforate the nnsi Perforations in the stomach 

tions of the vessels of the J*'"" some perfora 

spleen was badly mjured and *e 

half pints of free blood most of wh h ^ about one and one 

It was therefore necessary ,0 remove 

“ijury The diaphragm was carefull ^ because of the extensive 
tions were found “'fnUy sutured No intestinal perfora 

P®^^ Operative course 

transfusions post operatively Thm'w,?'*' i received soc blood 

There was a collection of fimd m Vf ^’“1 

aspirated on one occasion ™ pleural cavity which was 
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Result: Good. Patient was discharged three weeks after injury. The 
wound was still draining a slight amount but this soon ceased and 

" "oMon: There was subsequent intoion in all 

cases. They received combined tetanus and perfringens antuoitm and 

treated several times with X-ray therapy to the 

was hopeless from the beginning, but rt 

that thf external wound Is no criteria of the e-tens veness of the m ^ 
abdominal damage. We must immediately explore and repair any 
age found if we are to save many of these cases. 
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SURGERY OF ABDOMINAL INJURIES 

By CHAS GORDON HEYD, M D 
Professoi of Surgery, New York Post Graduate Medical School, 
Columbia Vmveratty, New York, N Y 

The imperative necessity for an army is to conserve and maintain an 
effective fighting force The treatment of war casualties will be based 
largely upon this realistic conception Wounded soldiers will have 
received (a) injuries of such a nature that the army may reasonably 
expect his return to duty, and (b) injuries of such a nature that the 
soldier cannot be expected to return to duty War trauma to the skull 
and contents to the chest, grave compound fractures and injuries to the 
abdomen will be treated without any expectation of the return of the 
soldier to a combat unit 

The last forty years has witnessed a remarkable change in regard 
to surgical mte.vent.on for war wounds of the abdomen In the Boer 
ar, the Spanish American War, and for the first half of World War I 
the nonintervention, St attitude for abdommal war wounds prevailed 

mm rbl^fe rone 

intLe" ■nlerventionists gradually displaced V non 

r , P o“«ionally met with m World War I The 

machine gm'Itocks“fv'e'bmaf ‘’Th"®’ 

Present dfy bombfLr.nnIerit t 

mentation of anything that is m the n projectiles from frag 

<jf projectiles are thus created th ^‘“1’,°^ explosion Two types 

lagged, rough and of v“no„s sit Tnd T " 

rubble, metal, class and tn fs> f ’ l ^ secondary projectiles of 
activated and p^ut m tratsit bv '""S and everything that may be 
into the body tissues additiona^I 

and underwear reign material m the form of clothing 

In no field of war casualties is th 

so important as in multiple comoonL f surgical organization 

and contents, thoracic wounds ^ 

surgical organization will imt>lv »««h i* wounds Therefore, 

operating room technic and equ,pn,cl,f 

types of war wounds are considere^™^ ° These 

the effectiveness of small sgif ^^ses ’ and hence 

mobility, capable of competent -ger^fjhrfhrLtrr'onT'’’ 
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GORDON HEYD M D 

P«/e,»r of Sur^ry Nov, Yck Pcs, Grvd.Mc Med, cal School 
Columbia Vntveratly New York N Y 

effective necessity for an army is to conserve and maintain an 

largely upon ‘^Gnent of war casualties will be based 

received fat im conception Wounded soldiers will have 

expect his Return “to duty “ibT*"'' 

soldier cannot be exnectZl , ™ ‘niuries of such a nature that the 
and contents to the^hesi ° **’ trauma to the slull 

abdomen will be treat rl compound fractures and injuries to the 

soldier to a combat umt expectation of the return of the 

The last forty vear« iioo 

to surgical intervention for ® remarkable change m regard 

Y " “te Spanish American War "“j"* abdomen In the Boer 

Ihe nonmterventionist atht d /"'* ' 

However with the abilitv ^ abdominal war wounds prevailed 
rnto the battle zone the ? orodern operating room equipment 
mtervenliomsts ‘"'erventionists gradually displaced the non 

The remarkable advance j 

‘"luries that were onlv occ, ^as introduced types of 

"eight of projectiles and temn^^tl 

machine gun attacks have j ^“'"'’‘"8 added to the dive bombing 
resent day bombs create inm”^ 'TPe and severity of injur) 

mentation of anything that 15 m T|f *ncondai)- projectiles from frag 
of projectiles are thus cr^md ' osion Two types 

and of various s shell which is 

art t S^ass and m secondary projectiles of 

mtnlh Tof m transit bv “"*'**'""8 and everything that may be 

and f'““ea addition^ f " “P'°’‘°o of the bomb Both carry 

and undenvear foreign material in the form of clothing 

in no field of war 

rnultiple cLn Problem of surgical organization 

surlc^"'“'^ fooracic wounTr^'* ‘o *= 

operalm will I "‘J rrMominal wounds Therefor- 

operating room technic and ™'f^ ‘hat will bring me 

iTlr oo„sSr;r"‘ “■= oombat are! ^ 

mobilth ‘'^oness of small self m ^'^ofransportable cases and h 
"Poh'e of competenTlr^'"'^ units with g 

Svi) witlun the battle 
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SURGERY 01 ABDOiMINAL INJURIES 

By CIIAS GORDON HE\D, MD 
Professor of Surgery, Aeit iork Post GradxiaU Medical School, 
Columbia University, New York, N i' 

The imperative necessity for an army is to conserve and maintain an 
effective fighting force The treatment of war casualties will be basetl 
largely upon this realistic conception Wounded soldiers will have 
received (a) injuries of such a nature that the army may reasonably 
expect his return to duty, and (b) injuries of such a nature that the 
soldier cannot be expected to return to duty War trauma to the skull 
and contents to the chest, grave compound fractures and injuries to the 
abdomen will be treated without any expectation of the return of the 
soldier to a combat unit 

The last forty years has witnessed a remarkable change rn regard 
to surgical mtervention for war wounds of the abdomen In the Boer 
\ ar, the Spanish American War, and for the first half of World War I 

mm Te bltt rone 

mLentiomsl: ' S-duall, displacedlhe'^ non 

injulits Eh« tre'VntT' 'PP^ °f 

Present day bombs create innnma... ki seventy of injur} 

mentation of anythinc that is i th ^ s^ondary projectiles from frag 
of projectiles are Z creaL '’“‘i ‘PP“ 

lagged rough and of vano metal part of the shell, which is 

rubble metal glass and m fari*^”’ k"'^ projectiles of 

activated and put m transit bv everything that may be 

mte the body Lsues addultl ^ “P'“'°" f *= bomb Both carry 
and underwear niaterial in the form of clothing 

so important as m multiple'com'^undT'’*™ organization 

and contents thoracic wounds kj 

surgical organization will ,mpi„ „ . wounds Therefore 

operating room technic and mmpment mi ik^'^ "‘k' 
types of war wounds are cons.2t,S These 

the effectiveness of small self ”‘’"fr“"spottable cases and hence 
mobrhty, capable of competent 



Surgery of Abdominal Inpmes 

War casualties of the abdominal viscera ate always multiple and 
severe, always associated with some degree of shock and hemorr lage 
and many patients will be exsanguinated; all svill be comphca ed by a 
peritonitis of varying degree and 90 per cent will be associated with 
perforation of one or more of the viscera. The patients must be ^ 
ported from the casualty area to the surgical unit. It is obvious that th 
Sdier with minor injuries of the trunk and upper ^ 

able to walk from the battle area to the advanced "^.ca psk whje 
those that are injured in the abdomen will 

Stretcher bearers arrive to transport them, ‘xcep battle 

result of bombing and aeroplane machine gunning, e 
will obviously have to be cleared by an advance * “mb^ 
before the abLminal cases can be picked up and carried back to the most 

“''Tl.:‘'surCT"fortr''-inflicted abdominal injuries is the application 
of technical p?ocedures that are in no way ” //S 

from the priLiples u.iliaed in f ““"su g r^^on^h^Lmach, 
mental "technics" that ace used in civilian surgery 
intestine and colon are the same surgica pr These 

applied to the treatment of abdominal in)uries su anesthesia, 

pafients will all require adequate ““‘.'J!,, ijoce^dures, anti- 

relatively prolonged “‘7ocIlly and by mLth; transfusion 

peritonitis measures, plus sulfa drugs ) Furthermore, they 

k whole blood and plasm “ "afe tLtm^nt. 

Will require prolonged . oriniury and operation and 

The time interval between h' ‘Emine the mortality, 

the adequacy of preoperative treatrn receive abdominal 

The optimum time for an advanced surgical There is 

casualties would be up to four hours an penetrating 

very little gross soiling of the abdonuna ^ relatively 

wounds of the intestines up to four ’ abdominal injury will 

slight degree of peritonitis. moribund and dying; the 

reach the casualty receiving station. ( ) capable 

indications here are to relieve pain an . f ; condition. A warm 

of resuscitation and (3) in fairly goo oper operability. Refrig- 
body is one of the most reliable objertive ='S" J P ; m the 

eration on the battlefield or in the “f “ rrhoranrphyskal collapse 
casualty receiving station, combined almost fatal 

due to the gravity of the injury an os suffering from an 

combination of circumstances. The pa . hemorrhage will 

internal hemorrhage and the only hope of stopping 
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be by operative intervention, with simultaneous blood replacement 
Mortality is inversely proportioned to the "time interval period,' 
that IS, the time between the receipt of the injury and the time of opera 
tion Shock, hemorrhage and peritonitis are the outstanding causes 
of death 

The relative trajectory of the projectile may be visualized in many 
cases by an examination of the wound of entrance and exit if and when 
both are present Deflection of the projectile is to be expected in injuries 
received in the area of the buttocks or from the thigh upward The 
projectile will be deflected and its course deviated by hitting bone oi 
penetrating the bony pelvis The position of the patient, standing, 
squatting or lying, the status of the bladder in regard to its fluid content 
w, 11 also determine the exttapentoneal or intraper.toneal mjurv of the 
bladder and rectum Every patient upon vvhom a laparotomy is con 
tcmplated should be catheterized |ust before operation as it subserves 
two pui^ses To indicate roughly an injury of the urinogemtal system 

Harder have a collapsed 

bladder during the laparotomy ^ 

The operative indications are more simple than the procedures that 
will be employed Every abdominal case in fan operable condition 

panehess3ld b‘'’“"!!’'‘°d ‘h* nWominal 

paneties should be considered insignificant A projectile may co throunh 

vtTcem - lodge m th^:ot 

L Trodte'^Z iT’' fa" P'"'oneaI cavi^ but neverthe 
Ev ropltilffifr an *e force of impact 

.u™"'.” •'£ "”:,r •< •- 

thorax, retroperitoneal iLf' . ““oc-ated with injuries of the 
peritoneal portions of the Kct^ 
injuries of the thorax will be comnlira/'d 

dominal viscera Combined thoramahd'n *e upper ab 

srde to side or from the rrght m The itr'-H 
The projectile may pass thrLgh bo* Ldes of relatively benign 
traverse the liver on the right fide or ih ^ costophremc sinus 

a variable amount of damfge to these or'’’ “u 
intestine or stomach Wounds of the slomaTh *e 

mjuiy to other viscera in at least me thud T T ““Ph^t'd hy 
cent of abdominal injuries will have an IT T d 
phragm and chest, 10 per cent will be as ft' dia- 

P be associated with an injury to the 
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kidney; 10 per cent of injuries to the liver will be associated with injury 
of other abdominal viscera. The bladder will show a concomitant mjury 
in 5 per cent of the cases and the spleen m approximately 6 per cen 
War injury of the large bowel will carry with it a higher 
40 per cent will be associated with injury to other abdominal visce . 
The incidence of injury to the retroperitoneal tissues is high whenever 
the colon is injured. Infection of the retroperitoneal “““es is seve e 
and rapidly faLl due chiefly to the virulence of the aneor bic flora 
that arises from the colon. The exploration of the colon must be p 

a considerable .nantlty of free blood^in^ petb 
toneal cavity suggests that a main vessel has been injured. Every mju ed 
viscus will bleed: the liver and spleen, in great “f "‘"J 

of a large amount of blood makes 
the bleeding at the very beginning of he laparotomy 
viscera should be explored systematically: ( ) . , jmj rectum, 

the colon, (3) spleen, liver and stomach, and ^ 

All of the small intestine should be 

to the cecum before any be^occluded^emporarily 

As each perforation is encountered it ^ 

by rubber compression t'™P® ^ (hrK"fcet of bowel’ and one 

more perforations are all within two variable number 

resectlL will be better than the consecutive closure of a variable 

of perforations. ,ttarhmcnt to the small 

The detachment of the mesentery Unjalv result in death of 

intestine of more than 5 cm. will almost blinding of the ends 

that portion of the bowel. Asephe res-tion wlthj^^^^^^^^ 
and then a lateral anastomosis w«ll b creater 

estimated that a lateral anastomosis P™''' ” “ ,-|osure of intestinal 
safety than end-to-end anastomosis. In ge , ^^rt^lity than re- 

perforations by enterorrhaphy is atten ■ jnrestinal obstruction 

section. The danger of a subsequent pos op passage of 

is not great as a small bowel umen [t the^time 

the fluid contents of the small intestin . .^/^-.uanhv a lateral anas- 

of operation in regard to patenc)' after en 

tomosis may be easily and safely abdominal wall the 

In wounds involving the lateral a attention 

best practice is to complete should be completely 

to the entrance and exit wounds. Th ^..^ounding area of healthy 
resected by mass excision of the tract wi musailar parictics 

tissue from the surface of the abdomen through the musa P 
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into the peritoneal cavity The most practical incision is a midline 
incision This incision may be extended either up or down, or laterally, 
and provides an excellent exposure except for the extraperitoneal por 
tion of the rectum which should be explored by a parasacral incision 
Every injury received in or about the region of the buttocks must be 
suspected of having injured the extraperitoneal and sacral portion of the 
rectum All wounds involving the posterior portion of the trunk and 
buttocks should receive surgical attention before the laparotomy and 
not afterward The turning over of a recently iaparotomized patient to 
take care of posterior wounds is attended with a sudden pronounced 
return of shock 


Shock and resuscitation will be reduced by timely and adequate 
preoperative treatment Sedation water balance whole blood and 
plasma transfusions will return many patients to a fairly operable condi 
tion Peritonitis telroperitoneal infection and gas infection will be 
combatted by the administration of the sulfa drugs by mouth or intra 
muscularly and by local application Death from hemorrhage may be 

orelra mrof i V T “P™ 

grfv“rora„ll i'm '"“i take care of the 

ladabi ^ ' casualties Low mortality will depend upon (ll 

ZbafareriTn T' “ -'I 

shock and heioLage These 

tne preparation-thf treatmem of I f “"“'"cd with preopera 
or plasma transfusion ! a ^ shock—the giving of whole blood 

experienced operating unit of indird”*l' 

considerable periods md (4f sufficient f ‘“Scthc- 

...» ..... u.. ..a £r £'S', sr.!3;r ' 
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abdomino-thoracic injuries 

By GORDON GOEDON-TAYLOR. O'B-®'' “•*; 

Temporary Surgeon Rear-Admtral 

Popular opinion is accustomed to “'“““l^con- 

trunk with grievous mortality, and abdominal cavity 

firms the fatality of wounds implicating ^ lethal 

under conditions of modern warfare The 

character of wounds of this portion o e u Odysseus's 

mention here the wound of Eurymachus ro p ij,Jntus and Tros by 

powerful bow, and the injuries inflicted upon p , all these 

the great Achilles or on Sarpedon by t e S[^ar o proved fatal, 

abdomino-thoracic wounds recounted in the om ^P^ gravity of the 
The English stage and Scottish history ^ ^ Macbeth unseamed 

abdomino-thoracic injury: in Shakespeare s ‘ ’ accustomed to 

Macdonald from "nave to chap' in ““"r' „ could easily split 

wield the claymore. The backhand of t e J soldiers per- 

a man from clavicle to thigh: many of en protect their heads 

ished in this way, endeavoring with their mus ' , Qaverhouse's 

and trunks in that fierce overwhelming rush of Graham 
men at Killiecrankie. , _|Jrilf is not entirely 

The surgery of those regions which adjoin „„ived in warfare 

modern. The behavior of wounds of the ‘•'“P!’"® , pare, and was 
has been known to surgeons since the days o . . £ v.-ar sur- 

accurately noted and discussed by Guthrie w r j^oracic wounds 

gery of the Napoleonic era. The surgica trea^ Curceon General, has 
by Guthrie and by Baron Larrey, of gunshot in- 

proved no Inaccurate presage of the mo em r injuries on the 

juries of the chest. In respect of the repair o rolled past 

abdominal aspect of the diaphragm, over six colon and affirmed 

since Henri de Mondeville counselled suture o£ , the large 

the recovery of some of those who had received .voun 


intestine. , jjjrJorocn may be of 

Injuries which involve thorax, diaphragm ana ,I,p 

penetrating or of non-penetrating character. ^ , Q^tnumbered those 

first-named group completely overshadow 
which were subparietal lesions. 

On Penetrating lyallacc. 

In one series of cases from the war of the abdominal cases 

1922) abdomino-thoracic cases constituted 12 /o 
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which reached the casualty hospitals of an army the operations per 
formed on this group of patients also accounted for 12% of all the 
abdominal operations m that army In the Spanish Civil War the pro 
portion of abdomino thoracic wounds m all wounds of the belly admitted 
to a hospital of first urgency was not dissimilar to that which obtained 
(J®Iiy 1940) Abdominothoracic injuries 
formed 9% of a certain series of thoraac cases admitted to a clearing 
Station (Gordon Taylor) during 1918 

Statistics of abdominothoracic wounds culled from the Official 
History o the War of 1914 18 demonstrate that m a vast majority the 
abdominal lesion determines the gravity of the prognosis and further 
that wounding of the hollow abdominal viscera greatly augments the 



Urate the""S,‘1,aH? “ tea,”™? •» 4™™ 

fatality of the injury The Jst 11 , 

demonstrate those orcans most 1 ® anatomical atlas 

injury (Figs 1 and 2) It will at abdomino thoracic 

occasioned by a wound of the left c apparent that the anxieties 

exceed those which are aroused bv j f ® diaphragm must greatl) 
In this discussion I am utilizinir A ** i of the midriff 

tratmg abdomino thoraac wounds Piv#*n classification of pene 

1 The chest and abdomen mav b,. rJ friend Tudor Edwards 
the wounded man sometimes becoming aSiS^^ separate missiles 
b * veritable St Sebastian his abdo 




Abdomtno Thoracic Injuries 

men and chest riddled with fragments of high explosive or machine gun 
bullets 

2 Missiles may penetrate the chest and may emerge through the 
abdominal wall or be retained within the belly on the other han the 
track of the missile may be in the reverse direction the woun o entry 
m the abdomen and the fragment retained within the thorax 

3 Traversing wounds of the lower chest, especiall) if inflicted dur 
mg expiration may pass through the diaphragm and occasion damage 
to the abdominal organs lying immediately subjacent to t e mi ri 

4 Tangential wounds of the lower thorax m which considerable 



Fig 2 — Dissection of the /prepared by Vrof 

Viscera liable to injury in penetrating ^'0 

John Kirk Middlese’s Hospital ) d d bj 

dimage, including diaphragmatic injuiy and perforatio P 
the missile and in driven fractured ribs ( stove in c e 


The Diaphrojrmalic Lesion mosti) 

The injuries of the diaphragm in ^^^uent where this lies 

in the sloping muscular portion, and are special ) operation the 

•n contact with the thoracic wall In cases tha 

rent is usuall) small, in one senes the linear tear v ^ punctures larger 
or less m 50% of the cases Many openings are 
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and the existence of other grave multiple injuries heavily load the scales 
against recovery 

Penetrating Injuries by Large Missiles 

The injuries produced inside the abdomen by large fragments of 
metal or other foreign body are almost aluays irrecoverable, the result is 
scarcely likely to be different in those wounds if more than one cavity 
of the body is implicated I have however, figured elsewhere a piece 
of brass tubing inches long removed from a Greek soldier, who 
recovered after the simple extraction of the missile which had passed 
from the middle of the right scapula and projected in the epigastrium 
(Gordon Taylor 1939) 

Saint (quoted by Gordon Taylor) had a successful right sided ab 
domino thoracic case in which a fragment of shell weighing two ounces 
had traversed chest diaphragm and liver and produced two perforations 
of the duodenum and one in the hepatic flexure of the colon 

In one of my patients the successful result of whose case is recorded 
elsewhere a missile weighing nearly four ounces produced the most 
grievous damage inside the belly and fractured the bony wall of the 
thorax (Gordon Taylor, 1919) The diaphragm was apparently unin 
jured and a strict observance of the approved nomenclature must there 
fore exclude this case from the category of the true abdomino thoracic 

TREATIMENT OF PENETRATING ABDOMINO-THORACIC 
INJURIES 

My contribution is only concerned with the surgical treatment of 
injuries of the diaphragm and of those abdommal organs whose an 
atomical proximity renders them specially vulnerable m cases of dia 
phragmatic wounding 

1 Wounds Implicating the Liver 

The dimensions and the velocity of the missile play an important 
part m determining the type of hepatic lesion which may be almost 
protean in character, large fragments of liver may be torn off and as 
much as one third of the right lobe has been found loose in the peritoneal 
cavity of a patient who recovered from a penetcatmg abdomino thoracic 
injury in the last war 

Before their total destruction the examination of museum specimens 
m the College of Surgeons collection illustrating gunshot wounds of the 
liver revealed many lesions for which surgery must be futile or incom 
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plete: thus it would be impossible by operative measures alone to prevent 
infection throughout the length of a ragged track running from the 
right lateral surface of the organ to its extreme pole on the other side of 
the body. In many cases of liver injury due to enemy action there are few 
arresting clinical signs, and it is significant that out of all the penetrating 
injuries of the abdomen which recovered in the last war without operation 
the wounds were mostly situated in the liver area. Surgical intervention 
directed towards the liver is indicated under the following circumstances 
only: (l) gross haemorrhage from the liver, which mainly depends on 
whether large veins in the organ have been injured — haemorrhage other- 
wise ceases spontaneously, as does oozing of bile, unless main ducts are 
severed; (2) the association of some thoracic or another abdominal lesion 
demanding exploration; (3) the retention of a missile in the liver, espe- 
cially a large missile in an accessible position in that organ. In the case 
of severe laceration of the liver packing may be necessary to control 
haemorrhage. In some such patients the diaphragm may be sutured, and 
the thorax dosed in the approved manner with airtight drainage of the 
pleura by means of a Malecot’s tube inserted through a separate inter- 
costal incision. The gauze pack is brought out through another separate 
incision in the anterior abdominal wall. In other cases the diaphragmatic 
opening may be enlarged parallel with its fibres from mediastinal to 
lateral border; the diaphragmatic edges are now approximated to the 
intercostal muscles and the pleura is thus shut off from the drainage 
track. 

Early jaundice in cases of hepatic injury may be present, and is usually 
slight and evanescent; the possibility of a collection of bile in peritoneum 
or pelvis should always be considered. Late jaundice has a much graver 
significance, and indicates serious infection. 

Secondary hepatic haemorrhage in penetrating abdomino-thoradc in- 
juries is almost always fatal, and is usually associated with signs of sepsis 
such as pain, elevation of temperature and pulse rate, abdominal pallor, 
restlessness, and loss of strength. 

The formation of an intrahepatic abscess round a retained fragment 
may be dealt with successfully by surgical measures. 

II. Gunshot Injury of the Spleen 

A study of the specimens of gunshot injury of the spleen in the Wai 
Collection formerly housed in the Royal College of Surgeons used to 
suggest that wounds of that organ are fre<juently complicated by damage 
to adjacent viscera; yet in some collected clinical series it is stated that 
in more than half the cases of splenic injury revealed at operation there 
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was no damage to other abdominal organs This \\as ccrtainl) not m\ 
experience (Gordon Ta)lor 1939) winch is in agreement with that of 
Major Jolly in his surgical work with the Spanish Republican Arm\ 
(Jolly 1940) 

The proprietj of pnmar) splcncctom) in cases of gunsliot injury will 
still remain a subject of contro\ersy The remosal of the organ should 
certainly not be resorted to light heartcdly , but in my opinion the pro 
cedure has not greatly increased the risk The suture of the spleen may 
not be difficult when the organ is approached througli the chest md 
diaphragm but when explored by other routes cobbling of the organ is 
wasteful of time and may leave a sense of insecurity Jolly (I9f0) and 
some of the Spanish surgeons write enthusiastically of splcnertomy 
Nurnerous cases of successful transdiaphragmatic splenectomy in left 
sided abdominothoracic wounds were recorded in the war of 19M 18 
some of whi^ were associated with the operative repair of injuries to 

the stomach (Richard a, arles, Cask.; E H Robetts, LocU J, Brjan, 
Gordon Tajlor, etc. and ver) tecenti) by Valent.ne Loguc) Recotert 
th.rrf f/ 't'" abdom, no thoracic ttounds m 

comn T “ »pla"cctom) had to be performed 

for complete disruption of each organ (Gordon Ta) lor) ' 

in Wounds of the Ponereas 

rate^wemSTJ"' '8' « “"> 

inal viscera The 

blood reis luh;r:x;iiT,rn/:' r? *= ‘“^8= 

observation of i^ l Paucity of wounds coming under the 

knStcfonTvTh '"™P'''‘<'"'al haematomata I have 

creas -P'-ng the pan 

ety took place (Saint Alan Curry Gordon Bryan) 

IV. Injury lo llic Kidney 

40%rfgtltotwo3foVfttfc,dney^™v« 

base in France during 191418^'"'“^ 
propriety of immedi Je operaoof 

wounds demands even more careful * ,^“*"''1' “ abdominothoracic 

minal injuries Probably fte S 

down to the damaged kidney, the oroan Vn 

foreign body removed ^ inspected and am 

In the majority of cases the renal iniutv nlav. . ev, 

jury plays a minor part in menac 
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ing life, and only for severe haemorrhage, a hopelessly pulped organ, 
or gross damage to the renal pedicle is primary nephrectomy indicated. 
In about 20% of cases of gunshot injury of the kidney in the last war 
life was threatened by secondary haemorrhage, consequent on sepsis, a 
retained missile, or an infarct of the kidney produced by damage to some 
branch of the renal arterj'. 

V, Injury to the Hollow Organs 

Of hollow organs the siomach and splenic flexure of the colon are 
those most liable to injury; in suitable cases transdiaphragmatic laparo- 
tomy affords excellent access to these organs. Concomitant involvement 
of the small intestine denotes a more vertical track of the missile, and 
demands a separate approach or a much-extended incision. Each meas- 
ure, though necessary, increases risk to life. Multivisceral damage also 
augments mortality, and vertical wounds, which may even extend from 
supraclavicular fossa to femur, tend to be very fatal. 

The possibility of injury to the duodenum must be borne in mind, 
and any haematoma in its vicinity should be suspect, lest a retroperh 
toneal rupture of this fixed part of the small gut be overlooked. These 
cases were very fatal in the last war; successful cases have recently 
been operated upon by Rex Williams, Henry Thompson, and Hedley 
Atkins. 

Summary of Treatment 

1. In many traversing (through-and-through) abdomino-thoracic 
wounds of the right side produced by a small-fragment no immediate 
active surgical tratment is required, provided that: (»r) no gross damage 
has been inflicted upon the thoracic or abdominal wall — fractured ribs, 
explosive effect, etc.; (i») the direction of the track of the missile does 
not appear to compromise the general peritoneal cavity or suggest the 
desirability of its exploration; (r) the signs of abdominal haemorrhage 
or of injury to a hollow viscus are clearly absent. 

2. In cases of right-sided abdomino-thoracic wounds in which a small 
fragment is retained in an inaccessible position in the substance of the 
liver an expectant line of treatment is the correct procedure; accessible 
fragments, unless of small dimensions, should be sought and removed. 

3. When there is an open, blowing thoracic wound or a "stove-in 
chest,” the chest wound should of course assume chronological priority 
of treatment. 

4. If the position of wound of entry and exit in a left-sided abdo- 
mino-thoracic wound adumbrates a track implicating that fatal left sut>- 
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phrenic area of the abdomen, or if a radiograph demonstrates a fragment 
of metal retained in tins region, the thorax should be dealt with first 
and access to the upper abdomen obtained through the diapliragm 

5 When the thoracic injut) appears insignificant but there is evi 

dence of severe widespread intraperitoncal damage, especially ln^oI\e 
ment of hollow viscera, the abdomen should be explored through an 
appropriate!) placed laparatom) incision This instruction applies to 
wounds of thorax and abdomen produced bj the same or bv separate 
missiles ' 

6 When the thoracic injur> seems slight and when the csidcncc of 
a radiograph or the direction of a missile track m a through and through 
wound suggests an extra peritoneal course of a small fragment, such an 
abdommo thoracic injury ma> often be left alone 

171 r i ^ 'h' organ .nvJ.gated, 

and any foreign bod) remored 

ll c and mfradM b •“ >«''■ ‘uprad.aphrag 

the costal arch after the manner of Bland Sutton, Dural, Berard, eTc 

abdLmal Le«°rr *■“ ‘■PP'O’d.ed from the 

a dreuTt summ of .bJ?"!'”"' ""te trjmg to complete 

aperture in the midriff “ “'"”11) iH patient, unless the 

I abdommti'coii'ts^r::?: 

Prognosis 

ated777n7c7r/erul7aM“' '''« “f"' 

covecy rate of 519' while M thoracic injuries) gave a re 

prodLd a recote!77 efltTrtr “P”" 

thoracic cases in the casualhr H series of abdommo 

ety rate than this in the a!L77?„7' S!"" “ r'" recov 

in the hands of certain surgeons m 
operators (Jack Anderson ^Saint'i who 

percentage of right sided cases sLe^ perhaps fortunate in their 

patients (Gordon Taylor, 1939) ^heir 

Wounds that traverse the dianh 

to be more grave than those m wh^^ u below upwards are said 
thorax to abdomen In the former * nnssile has passed from 
the seriousness of the prognosis ^ intestinal injury increases 
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The mortality figures attending the surgical treatment of injury in 
one campaign are scarcely comparable with those of another war at a 
different period, in which the type of enemy missile, the degree of explo- 
sive force, the facility of transport from the field of battle, and other 
circumstances differ; but the steady improvement in the results of 
abdomino'thoracic cases from year to year in the war of I 9 I 4 *I 8 was a 
memorable triumph of surgery. 

NON-PENETRATING INJURIES OF THE 
ABDOMINO-THORACIC ZONE 

In contrast to the last great European conflict non-penetrating injuries 
of the abdomino-thoracic zone do not play the same small and infrequent 
part in war surgery to-day; the thoracic and abdominal viscera, solid and 
hollow, may be damaged under a variety of circumstances in "modern” 
warfare. Fragments or masses of timber, stone, or metal may be con- 
fusedly hurled with explosive force against chest and abdomen in the 
indiscriminate air bombardment of civilians; women and children have 
suffered "crush" contusions of thorax and belly from falling masonry 
and iron girders; visceral damage above and below the midriff may 
result from the blast of detonating bombs, mines, or other high-explosive 
machinery in close proximity to men and women of every age, condition, 
and calling, for in "total war” none can claim privilege or sanctuary. 
Nor does the diaphragm remain immune when chest and belly suffer 
violence, 

EiFects of Rupture of ijie Diaphragm 

Rupture of the diaphragm may be produced by the passage of a heavy 
vehide obJ/queJy across the abdommo-thoracic zone, by the cru^ing force 
of buffer accidents, or from the demolition and collapse of buildings. 
An excellent account of the injury has been given by Gordon Bryan 
(1922), who points out that the lesion is not very rare in children and 
adolescents, whose chest wall is more elastic and can be compressed to a 
considerable degree without fracture. In some cases costo-chondral dislo- 
cations may occur, as shown by some displacement of the chest wall and 
a clicking sound on respiration; at other times the diaphragm is torn by 
stretching or bursting, or may be lacerated by a fractured rib. 

The convexity of the diaphragm is the part that usually suffers; on 
the rarest occasion the crus is damaged. Ihe left side of the midriff 
is that most prone to rupture under sudi conditions of violence; the liver 
is more likely to bear the brunt of an injurj’ due to compression of the 
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injurj'. An appeal may also be made to uro^raphic methods of diagnosis. 

It should be remembered that early exploration in a doubtful case 
will render this service to surgeon and patient — that a deliberate con- 
servative resection of the damaged portion of the kidney can be consid- 
ered at a period when urgency is not so extreme that only a hurried 
total nephrectomy can save life. In arriving at a decision, as to the exact 
technique to be employed in a case, it behoves the surgeon to remember 
the slogan: "First save the patient, and secondly, if possible, save the 
kidney.” 


Sequelae of Rupture of the Diaphragm 

Other effects of injury of the diaphragm include: (l) the lodgment 
of fragments of foreign bodies in the diaphragm itself; (2) diaphrag- 
matic hernia; (3) scarring and adhesions. 

The most dramatic of these sequelae is diaphragmatic hernia; this 
may develop immediately or soon after the injury; on the other hand 
symptoms are commonly delayed for several months or longer. Trau- 
matic disphragmatic hernia rarely produces symptoms on the right side, 
and at most contains only a small piece of omentum in that situation. 
Only very rarely does a rent occur between the abdomen and the peri- 
cardium. The left dome is that most often implicated, and the herniated 
viscera include the omentum, stomach, transverse colon and splenic 
flexure, spleen, and jejunum; it is stated that the pancreas, liver, and 
duodenum are only very rarely herniated. 

Such cases are [jest operated upon by a thoracic approach; an incision 
is made in the eighth or ninth intercostal space; the resection of adjoining 
ribs may also be required. Positive-pressure anaesthesia is employed; 
the phrenic nerve is crushed as it lies upon the pericardium before enter- 
ing the diaphragm. The extruded viscera are first separated from the 
edges of the diaphragmatic aperture and thoracic structures, and are 
then coaxed into the coelom. 

The repair of the rent in the diaphragm may be difficult if the muscle 
has undergone fibrotic or atrophic changes. Strong silk is employed: 
in some cases fascial grafts seem to give greatest promise of permanent 
closure.' In others the gap can only be closed by suture of the liver, spleen, 
or stomach to the margin of the opening. In cases of some duration the 
stomach may have undergone hypertrophy and dilatation, and a laparo- 
tomy may also be required to andior it satisfactorily inside the abdomen. 
The performance of 'a temporarj' gastrostomy in some such cases has 
proved of inestimable value in my hands. The complication of slrangu- 
lation in connexion with a diaphragmatic hernia is fraught ^’ith the grav- 
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est peril The colon is the segment of the alimentary canal most fre 
quently obstructed, sometimes the jejunum is the part compressed, very 
rarely is the stomach strangled 

A correct diagnosis is not often attained unless there is previous 
knowledge of the existence of a hernia, but where such knowledge is 
lacking an antecedent history of a severe injury in the abdomino thoracic 
zone, a previous complaint of post prandial discomfort and even dys 
pnoea hiccup, precordial oppression, and pain in the shoulder, together 
with the evidence of competent radiology, should enable a pre operative 
diagnosis to be made 


The symptoms of strangulation usually supervene suddenly, the bale 
ul results of operation for this disastrous complication constitute a 
powerful argument for early operation upon traumatic diaphragmatic 
hernia, at any rate if the symptoms to which it gives rise show any evi 
dence of worsening The transthoracic approach should be employed 
Familianly with the Iransdiaphragmatic approach to the vault of the 
in thTT* <^avity as been turned to useful purpose by thoracic surgeons 

bull from^rh r C®*®) f”' ‘I extraction of a 

the Imum » '“P'f F't'on of the .nfer.or vena cava, m which 

hu'c”®of sitge™ °P««'0" ■" 'he 

approach in'operalions^fm'th' ^n abdomino thoracic 

the lower end of the o i, * surgical removal of malignant disease of 

No r^mnce o h?”^ “t 'h'= 

been made m this com Mnicit"'"* sulphonamide derivatives has 

Its value IS incontestable The “ routine measure, and 

wounds of the trunk m this wa7T “ constant in 

and plasma, which on occasion is prrfemU “ ^'’PP'P hlood 

veins of the recipient ^ stably introduced rapidly into the 

explosive are probabi ™e" s gr^^lLraor d “7 high 

effects of blast ^ crushing force or the 
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BLAST AND CONCUSSION IN THE PUESENT WAR 

By JOHN P FULTON, M D 

Sterling Professor of Physiology Yale University Sthool of Medicine 
The first definition of a bomb in the Oxford dictionary is "a ball of 
Wilde fire The Spaniards, it seems, quite early developed technics for 
burning enemy ships by projecting fire balls at their adversaries' sails and 
wooden decks, so that the first bombs were, strictly speaking, incendia- 
ries Later, mortars were developed for hurling explosive incendiaries 
These explosive balls of fire became m the course of time less fiery and 
more highly explosive, and m the nineteenth century they came to be 
nown as bombshells By the end of that century and during the last 
war, bombshells became just shells, and the word ' bomb ’ was reserved 
for explosives dropped from the air— or from the pocket of a discon- 
tented agitator ^ 

The Nazis were the first to develop air bombing technics on a large 
scale not only bombs of the high explosive variety— screeching, bouncing 
and parachute bombs— but also balls of wilde fire” m the form of 
arranged so that, when a fire 
mnnL. m"''’ showering hot burning 

obiSve, n P ^l' attacking ships and 

fvi Toe, "f u 'he Germans have used 

LriarboT, »0kilo and 500 kilo 

bombs and the 500 kilo and 1000 kilo land mines 

Phy.ical Characleri.lic, of Bomb Deelrnclion 

Londo' TnrT' “ “"h profusion over the 

for a width ’o^f 2oTo iZleet'm bZZ/ “cumscribed space 

encounters nn r^m i , dwelling houses, such as one 

Ind "f one of Te b * " Matlbmough Street, Boston, 

example were followed.”, o sITTf' -7 

Sides of the 25 feet of cutierl K ^ Business as Usual on both 
strikes the middle of the^strett ii’Ti "h'" a bomb 

exploding and then lifts up a h’eapTdT 
diameter and 3 to 5 feet in deo^ ^ 

surface The resulting crater ° j "■= 

drivers navigating m the blackout Iv ^ azard to traffic Taxicab 
craters of thl sc^ but are dropping into 

when the back wheels are on the edge ouUT 

street In England, bombing even ff ’the 5o k.I 

o me >0 kilo variety is serious since 
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the winters are mild, the essential services are buried to a depth of only 
2 or 3 feet. Almost invariably, therefore, a bombing episode in the 
street results in interruption of all five services — ^water, gas, electricity, 
sewerage and telephone; however, the demolition squads work wi^ 
incredible speed, and generally within ten or fifteen hours all the services 
are repaired and the streets repaved. But all this requires a close-knit 
organization on the part of a dozen agencies and utilities, and I should 
think that the sooner such an organization is worked out on the eastern 
seaboard of the United States, the less the inconveniences of bombing 
would be felt when the time comes for the enemy to strike. We have 
the rich experience of the English people at our disposal. We have 
seen their mistakes. We have seen their magnificent reorganization on 
the basis of those mistakes, and f can only hope that we may profit by 
them. 

The 250-kilo bomb creates greater havoc, but again the area of de- 
struction is sharply circumscribed, being limited to 100 to 130 feet of 
four-story brick construction; if the bomb strikes in the middle of the 
street, the crater is 75 to 100 feet in width and 8 to 10 feet in depth. 
Windows may be broken at considerable distances — up to 200 or 250 
yards — from the blast wave. 

The 500-kilo or 1000-pound bomb, of which, fortunately, the Ger- 
mans have been able to use very few, is incredibly destructive and may, 
if it happens to strike favorably, demolish the greater part of a city 
block. The effects of the blast wave in the air and through ground- 
shock may topple buildings at a distance of several hundred yards, and 
the results of a given detonation of this size of bomb are as bizarre 
and unpredictable as they are destructive. Much the same thing may be 
said for the land mine, which, coming down by parachute, may destroy 
the greater part of a city block. No defai7s concerning the so-called 
"super-bomb" that the British are now using are available, but it is 
evidently "super” in the sense of having greater weight; if it is true that 
the British are using bombs weighing I to 2 tons, the lia^’oc wrought 
in closely built areas must be colossal. 

Dlast Injuries 

The first detailed histologic study of the effects on the central ners-ous 
sj’stem of blast from high explosive shells is found in a paper by Mott,* 
which comprises the Lettsonian Lectures delivered before the hfcdical 
Society in London in Februar)’ and March, During the Civil War. 

Mitchell, hforehouse and Keen" described tJie blast syndrome in unmis- 
takable terms, but the neuron at that time was not an entity, since stain- 
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ing of the nervous system to atd m histologic scrutiny had scarcely 
begun Mott draws attention to Sir Anthony Bowlby s’ Bradshaw Lee 
ture Wounds in War delivered in 1915 in which he remarks 

It must also be kept in mini that the mere explosive force of the Rases of 
a large shell exercises Rreat powers of destruction The expansion of the gases 
IS alone sufficient to kill and in the onij case in my experience in which an 
autopsy has been made the brain was the sett of ver> numerous petechial hnemor 
rhages 

This brain which had been m Sir Arthur Keiths custody, was turned 
over in 1916 to Mott who confirmed the existence of w idcspread petechial 
hemorrhage but who also noted changes compatible with carbon mon 
oxide poisoning He cites m addition, several nonfatal cases in which 
the explosion of large shells caused loss of consciousness without visible 
external signs of injury In all these cases the patient m question was 
propelled some distance by the blast wave but there were no external 
injuries to suggest a primary blow on the head Two of these cases may 
be cited 
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The problem of distingu.shmg psychogenic war neurosis from a case 
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of organic concussion resulting from blast is delicate and often difficult, 
but I agree with Myers^ that such a distinction is clearly essential. In 
a book recently published, he distinguishes between "shell concussion," a 
syndrome associated with organic injury to the brain, and "shell shock," 
a psychogenic syndrome due to the fears and fatigue of warfare. Often, 
however, the tv.’o syndromes are confused (Roubinovitch®). 

It is interesting to trace the term "shell shock’’ in the various connotations 
that it acquired during World War I. Late in 1&14 and during 1916, a soldier 
\vas said to have suffered shell shock when he was picked up unconscious and 
externally uninjured in the vicinity of an exploded shell. The usage was thus 
synonymous with "shell concussion.” Stevenson,^ however, in a short paper 
concerning the cause of death due to high-explosive shells in unwounded men, con- 
cluded that sudden death in these circumstances results from "concussion of the 
brain and interference with the functions of nerve centres which are essential to 
life, and the interruption of which means instant death." "I have seen many 
men," he continued, “home from the front who have been exposed to these explo- 
sions; all their symptoms and all their accounts of their experiences tend to 
confirm this belief, for it Is to the less severe injuries to these centres that the 
symptoms of men who recover and come home all point." Later, shell shock came 
to be applied more particularly to the cases of functional war neurosis, 

Stevenson also refers to the Interesting speculation of the French civil engi- 
neer, Arnoux.s who observed an exploded aneroid in the pocket of a French 
officer who had been killed by proximity to an exploding shell. The aneroid was 
repaired, and it was found that a sudden compression of 10,OOD kilos per square 
meter was essential to disrupt It. Arnoux put forward the theory that, follow- 
ing such compression, gases in the blood and tissues expanded with bubble for- 
mation, and that men were killed by sudden massive air embolism. The aneroid 
observation is Interesting, but the attempt to explain death as due to bubble 
formation was far fetched, since it did not take into consideration the rate at 
which gases dissolve under pressure, and the slow rate at which resolution 
occurs when pressure is diminished.® 

To Mott* must be given the credit for having first emphasized the 
significance and likelihood of carbon monoxide poisoning in the vicinity 
of an exploding shell, especially one exploding in a confined space. 
Oxygen is absorbed by the explosion, carbon monoxide is liberated, and 
many of the so-called "deaths from blast" have been shown to be due 
to carbon monoxide poisoning of persons unconscious or pinioned under 
debris. The importance of carbon monoxide poisoning has lately been 
re-emphasized in connection with bombing injuries among civilians in 
England and Germany. However this may be, death from primary blast 
is a clinical entity that re«^uifes close study, because of its intimate con- 
nection with concussion and with the postconcussion syndrome of neuro- 
psychiatry. 

The general subject of blast injuries is discussed under four headings: 
the physics of the blast wave, the effects of blast on animals, the effects 
of blast on man, and suggestions concerning therapy. 

229 



IK ar Medicine 


Phyeice of 01*181 Woic 

fiernal of Cambridge England has given the best general account 
of the physical characteristics of i high explosive wave In matenil of 
high density and small ehstiaty the wave travels slowly, where density 
IS small and elasticity great as in air the wa\e travels at great speed 
The high pressures created by bomb explosions cause an enormous 
velocity of wave transmission in air but the rate of movement diminishes 
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Blast and Concmston in the Present War 
of the disturbance, which always travels faster than the low-pressure 
phase, gets to the front just as the top of a wave on the sea, being held 
back less than the base by the frictioa of the sand, moves forward and 
ultimately breaks the wave. 
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explosiNcs, such as the smashtn^; of ^^lndo^vs and doors at a distance 
Pressure ^alues of 5 to 10 pounds per square inch will break most 
windows, but blast pressures must rise to 6 atmospheres, or 100 pounds 
per square inch, before endangering a human being This means that, 
to be injured b> primar) blast, a human being must be \er) near the 
site of the explosion Zuckerman s” data on animals suggest that, at a 
distance of 30 feet from a 30 kilo bomb, a human being would be 
entirely safe from the direct effects of blast, published data concerning 
individual bombing episodes in which blast injuries ha\e occurred in man 
support this deduction With the large bombs, such as the 250 kilo 
and 500 kilo ones the blast wave is more intense and travels farther 
Another aspect of bomb explosion concerns the blast wave in the 
earth, the so called ground shock Dropped from a great height, 
bombs generally penetrate some distance into the earth, the depth >ar) 
mg with the character of the surface As previously mentioned, a 50 kilo 
bomb makes a crater of 20 to 30 feet m a dirt road The sequence of 
events has been diagrammatically indicated by Bernal’*’ (Fig 2) A 
ground wave has a high velocity, with an abruptly rising wave that 
may cause buildings to be shaken down at some distance from the site 
of the explosion 


Effects of Blast on Animals 

The effects of primary air concussion due to shells or other explosives 
were not myestigated expetimentally until the end of World War I,” ** 
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Hooker's studies emphasize four points: the fatal effects of primaiy 
blast occur in animals only relatively near the explosion, a difference of 
2 or 3 feet often determining the question of life or death; there is a 
syndrome of primary shock characterized by collapse of the blood pressure 
in animals affected, but not killed, by the primary blast; there is complete 
absence of petechial hemorrhages or other intracranial lesions in the 
brains of animals exhibiting marked primary shock; and hemorrhagic 
lesions of the lungs and occasionally of other visceral organs are prev- 
alent in animals subjected to blast. In his experience, however, the 
extent of the lung lesion bore little, if any, relation to the gravity of the 
concussion symptoms. 

The experimental results of Hooker thus strongly suggest that the 
effects of primar)' blast in animals are closely similar to the effects of a 
blow on the head in an otherwise normal animal. He drew attention 
to the experimental studies of Githens and Meltzer,^’ and raised the 
question, without committing himself to an answer, whether the symp' 
toms of air concussion were not ultimately similar to traumatic cerebral 
concussion. 

Hooker’s studies were published in 1924, but they aroused little com- 
ment. In the clinical literature during and after the war, there were 
many discussions of shell shock as an entity, and some authors, as al- 
ready mentioned, used the term "shell concussion" to characterize symp- 
toms resulting from primary blast. 

New light on the problem has come from two groups of studies, 
one on blast and the other on experimental traumatic concussion of the 
bead. 

Primary blast. Zuckerman" ** has given two detailed reports on the 
effects of primary blast in different animals, including mice, rats, guinea 
pigs, rabbits, cats, monkeys and pigeons. Seventy pounds of a high- 
explosive charge in paper containers so arranged that there would be 
no danger of injury from flying missiles was used as the source of the 
blast wave, and animals placed in well-anchored wire-mesh cages were 
arranged at varying distances from the charge. As in the experiments 
of Hooker, there proved to be critical distance zones, which varied with 
the species of animal, monkeys being considerably more resistant, for 
example, than rabbits. No monkeys were killed by a 70-pound charge 
at distances greater than 18 feet, and in no animal, rabbits included, 
■w'ere effects detectable at distances greater than 30 feet, at which the 
positive component of the blast wave averaged 6.3 pounds per square 
inch. Between 13 and 18 feet, almost all animals were killed when 
so placed that their body walls w'ere affected by hydrostatic pressure alone. 
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At these distances, the positive component of the blast wave, that is, 
the^hydrostatic pressure, varied between 126 and 63 pounds per square 

Between about 20 and 50 feet, no animals were killed, and those 
that survived showed little change in behavior Those surviving between 
18 and 21 feet often died within a few minutes to twenty four hours 
after the blast, they exhibited widespread pathologic changes, the most 
conspicuous as m Hooker s experiments, being hemorrhagic lesions of 
the lungs But also as in Hooker s experiment, there seemed to be no 
clear relation between the extent of the pulmonary lesions and the 
degree to which the animal had been affected by the blast wave The 
pulmonary lesions are well illustrated m Zuckerman s^« later report 
of a found in other organs, including the epicardium 

of the hear , and very frequently m the large mtestme, whrch proved to 
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plosion It was in a catatonic state, and tended to tetain any att.tude 
fn which it was passively placed. Miaoscopic examination of the nervous 
system showed congested capillaries of the forebram. 
numerous petechial hemorrhages, whrch were most 

insist that conspicuous symptoms teteti v 

often be found with little ' ^^ch as the 

Concuss}o». In previous experiments on concu s ’^asured blows 
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but the knee jerks and the pmnal and comeal reflexes arc unaiTcctcd It Is 
highly significant, especially m view of Hooker’s’® and Zuckerman’s’® work 
on blast that a blow on the head can of itself induce symptoms of generalized 
shock 

Conclusion A distinction is made between shock, as such, and symptoms of 
concussion which develop when slightly heavier blows are delivered, that is, 
those struck at a velocity of 25 to 28 feet per second Following these heavier 
blows the corneal and pmnal reflexes ore abolished for varying intervals, the 
resting posture (tonus) of the extensors disappears, and spinal reflexes may be 
altered or even temporarily abolished A blow of this magnitude, if delivered 
to a conscious animal renders it unconscious, whereas the blow causing shock 
does not necessarily cause unconsciousness 

The pathologic changes m the brain associated with shock and concussion 
blows have been carefully sought and have been proved wholly absent so far as 
ordinary microscopic examination is concerned There are no petechial hemor- 
rhages and no contused hemorrhagic areas m the medulla or cerebral hemispheres 
The microscopic causes of the symptoms of concussion are still obscure, but no 
doubt they involve some basic intracellular disorganization of the neuron 

Contusion When blows are delivered to the head at a rate greater than 
V usually develop in which hemorrhages occur 

beneath the site of the blow (or as a contrecoup at the opposite side of the head), 
f hemorrhages are prone to develop especially in the basal nuclei, 
however, effect the setoa! 

velocity essential for contusion 

The studies of Denny Brown and Russell thus indicate that conspicu 
ous concussion may be produced m animals without causing clearcut 
histologic changes Studies of Hooker’” and Zuckerman” prove that 
^ concussion Is there anything in common be 

tween direct traumatic concussion and blast concussion’ 
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Those svho are surprised by .he 
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From English sources, tspeciall) from the reports of Dean, Thomas 
and Allison,'”^ lalla,-'' Hadhcld and his co uorl ers,"'* Hadficld and 
Christie,''* Kretzschmar,- Krohn,'“ Logan • and Tliomson,"* it is bc!ic%cd 
that death from uncomplicated primar) blast m civilian areas is rare, 
but well authenticated cases have been reported, especnll) m the recent 
and well documented account of 17 cases b> O Rcill> and Glojne’* 
Uncomplicated cases of pnmir> blast ma). however, be rclativelv un 
common since to be killed b> its effects, the person must be verv close 
to the explosion that is, within 20 or 30 feet (50 kilo bomb) In these 
circumstances, the chances of being struck b> the blast wave alone and 
not by splinters is somewhat remote But there have been many thou 
Ti” ^ \ primary blast and splinter injuries have coexisted 

hese have been especially common when a direct hit has been made 
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LUNG INJURY DUE TO THE DETONATION OF 
HIGH EXPLOSIVE 

By JAMES D. KING, M.D., Ph.D., and 
GEORGE M. CURTIS, M.D., Ph.D., r.A.C,S, 

Columbus, Ohio 

To the neutral observer this war is truly different 
struggles; different in its conception of attack and defen 
in the vulnerability of the civilian p,pulat.on. As > ‘ 

development of the bombing attack, attentton has J 

probleL of war injury. Numerous reports have appe«ed co^ 

L effects of detonation of high explosive. And a 

called to the fact that many deaths occur wiffiout e B 

to the body, while the necropsy reveals va'T'"f , 'ifave been made on 

the lung. Many clinical and experimental s 

the differing types of injury due to " aiscussion 

have given rise to varying conclusions. af+ention has been 

appeaig in the American “I;,:: rpurpofe of this 

directed to this form of lung injury. . ftvnerimental studies 

disoission to high explosive, 

that have been made on the eneas them so far as 

particularly on the pulmonary j observed in peace- 

possible with the ''similar forms of lung I y 
time civilian life. , „ 

Peacetime Injiiriea tn lhc LlinB- ' 

.. fmm 1 few isolated cases, has 
Lung injury in the surgical literature. Its occur- 

received but little mention in the b g b when Morgagni 

rence was recognized and ^ 1904 , and Schwartz and 

reported two postmortem findings. ic e , -evjew of the current 

Dreyfus in 1907, each gave a good 1912 . 

literature, and Fischer wrote an excellent 8 F ^ ,he 

Thoracic injuries are to a certain ,(,£ parietal lesion 

abdomen and skull in that attention is ev contained viscera 

than to the possibilities and extent ot damag ^rted were the 

(Smith, 1840; Sellers, 1933). Many of ^ diagnosis was 

result of severe crushing violence -nokinn 

not usually made until postmortem . writers are agreed that 

Physiological anatomy of the children and adolescents 

injury to the thoracic viscera is more , . juvenile thoracic cage- 

and that this is resultant to the elastic na ur 
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It has been suggested that the lung is simply compressed between the 
more resilient ribs or against the vertebral column. 

In a series of experiments on the thorax after removal of the con- 
tained viscera, Triepel (1902) made the interesting observation that the 
male thorax can withstand more lateral and the female more sagittal 
pressure. Kulbs (1909), in his animal experiments, found that the chest 





yields more to a blow from the front e i • , ui 

nf rf='«iQfin.-A ^ whole, is less capable 

to Limon and Pera (1^1) a””"'" 

primarily at the expense of d.mmut.on m .ts size. 

sternal joints. When the motility o l°Vtai 

factor intervenes which is deteminrf hTth^^f ‘"“fficmnt, a new 
costocartilaginous cage ^ propeit.es of the 
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Lung Injury Due to the Detonation of High Explosive 
The presence o£ air within the lung at the time of injury was dis- 
aissed by Gosslin (1845), Gross (1866), LeContc (1908) and Adams 
(1953). It was pointed out that sudden compression of the air within 
the lung causes the lung to rupture owing to the resultant instinctive 
closure of the glottis, together with the withholding of breathing, thus 
making it impossible for the pulmonary sponge to empty. 

Peyrot (1907) stresses the anatomicophysiological arrangernen o 
pleura. The normal cohesion of the pleural surfaces holds lung to 
the parietes. Thus, if the cliest wall with its parietal pleura and the lung 
with its visceral pleura are depressed, the remainder of the 
vented by its naLal adherence to the chest syall f™” 
movement. A part of the organ which is seldom stretched is thereby 

‘’“'D:1-|r'(190n '.areenirtt mechanism stressed by Peyrot 
would explain ripUiri if fhe pleura were adherent, ^ *inb f herwis 
that there is too much gliding between the ^ 

Opinion the air-fillcd lung is abruptly . insufficient. Hence 

and escape of the air through the upper air pa S inflated 

rupture Lults by sudden compression « 

paper bag. Similar opinion was expressed > r ^ q. 

Joannides and Tsoulos (1930), conclusion that 

Auction of mediastinal emphysema in dogs, nressure such as 

■•anything which produces an ■■’'"•’“'"ra Lan wefeht, etc., 

a severe cough, the labor of childbirth, i I"® , air embol- 

probably causes a mild degree of medias ina p .. 

ism, which as yet we have no way of recogmzi S injuries 

Morbid anatomy after injuries, into the lung sub- 

vanes greatly. In simple contusioo, ^ g contusion at the 

stance, as Duval (1918) f f"'"’ u, ® J infiltration of varying 

base and apex of the injured lung, Duval even demonstrated 

extent-simple contusion by contre-coup. D^l ^ 
small tears of the visceral pleura on jibout the capillary 

Rupture of the alveoli with interstitia ^ P ? -^ents of Adams 

vessels was also noted recently m the ani ■ Sometimes the 

( 1933 ) carried out by simulating a su ma«n instance 

hemorrhage is severe and may be localized ° as in the 

reported by Sauerbruch (1937)- . ,. p,val of gross hemor- 

case of Rocher and Duperie tears in the pleura 

rhagic infiltration of both lungs D^val 

Similar observations were also reported y ^ . f rupture of the 

Fischer (1912) gave an anatomica ca 
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lung according to the scverit) and sUc of the lesion (1) Crushing 
into a shapeless mass of one lobe of the lung or of the whole lung, (2) 
internal rupture of the lung with intact Msccral pleura, (5) complete 
penetrating rupture of the lung, (4) separation of one lobe of the lung 
Cooke (1936) more recently presented a clinical classification of 
pulmomry injuries (!) the pneumothorax type, (2) parenchymil nip 
lure— this is a simple rupture tsithout hcention of tlie Msceral pleun 
(3) combined t)pcs * 

Tears of the larger bronchi are known to occur (Da\is 1891), and 
are compatible with life procided the patient siinnc the immediate 
eltccts of the injury (Davies 1930 Clerf 1910) 

Lung injury without trauma to the thoracic cage may be produced 

for 77 ^ licavy vehicle — accounts 

22 out of 70 cases in Fischer s senes— Watson, Smith, Tatum, John 

LeCome V 11 Ashhurst, Laurent, Kerr, htercade, Riditer 

P r (2) Mow on the chest-Davies, Bogdan 

a'^Ch^ r ^f""°">-D-ofrenbaeh Head Fallon, (3) fall from 
by fte t, ^?”v M="^Tasga,t, (4) Iikng a child 

tease m^ 1 » boll«-Kees (6) in 

S dunne n *’> “osMng-Stransky, Sauer 

Werwath violLt *J)Spnea during tracheotom) — 

IUu8lratt\e Ca^c Iteport 

as Mows'"'’’' f'”-" records is presented 

tory reUtes"" that hT Va” plly™ ’’“7 "a'll 12 Jaa" The his 

They built a cave in the side of roJ i toys at the city gravel pit 

and the boy sustained a heaw ppi, u The roof suddenly caved in 

falling shale and loose earth Wh * Wow on the chest by large pieces of 
nose and was brought imniediatetv^*»aw found bleeding from the 

upon reaching the hospital * hospital He was pronounced dead 

On examination blood was found .n 

abnormality was found The clinipai j mouth No other 

Postmortem exa™„a„„„ wa tr.ature „t the sMl _ 

left lung weighed 350 grams Th.. ” , the base of the skull The 

lung was expanded and many small unusually hemorrhagic The 

Its pleural surface On its cut surfara spots appeared scattered over 

hemorrhage The bronchi were filled numerous areas of petechial 

seated identical changes (Fig l) foamy blood The right lung pre 

Microscopic examination of the Iihi*. . 
rhage of varying size scattered thnmi^Iin^ evealed multiple areas of hemor 
e entire lung Many of the alveoli 
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Lung Injury Due to the Detonation of High Explosive 

appeared disrupted and filled with red blood cells. The bronchi and bronchioles 
were also filled with red blood cells (Fig. 2). 

This is an instance of peacetime injury of the lung without evidence 
of external injury. It was not recognized clinically. The fact that exten- 
sive visceral damage can be produced without revealing any externa 
evidence is important from many points of view. The clinical signi^ 
cance of this example is obvious and has been recognized by certain 
surgeons. 





n the ruptured alveolar spaces. 

The Nature of Higl. Explosive EfTeC. 

... pyt 


The Nature of High Exploau e u ^ 

Having reviewed traumatic lung remains to compare 

they are encountered in peacetime civilian • ^ explosive. 

them with t^- bv the detonation or 


ley are encountered in peacetime avilian • j, explosive, 

lem with the lesions produced by the deto This doubt- 

lany have a vague knowledge of the nature P discover)’ 

^ss explains their ready acceptance of tantasn 
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of explosives of extraordinary power, tales of which are so often circu 
lated 

Explosion has been defined as the act of exploding, a rapid com 
bustion, decomposition or similar process resulting in a great and sudden 
development of gases and conseijuent violent increase of pressure, usu 
ally causing a loud report 

Explosive is any substance that may cause an explosion by sudden 
combustion or decomposition Two categories are recognized, low and 
high explosives Low explosives are those havmg explosion velocities 
of a few thousand feet per second or less Members of this group are 
Aaractenzed by a comparatively slow push type of explosive effect 
High explosives are those having explosion velocities of from 5,000 to 
25 000 feet per second and consequently, have quite a different effect 
The violence of their detonation produces an extreme shattermg effect 
in the immediate vicinity 

Detonation is a violent explosion one lesnlting from practically 
instantaneous decomposition or combustion of unstable compounds 

pr,ll X projectile of iron, gen 

explosive material which is fired by con 
containing ^ ^ Similar receptacle of any shape 

•rre Iritl"^ r (Muehiberger. 1937) 

lion of a 2d of *e rlelone 

lion of a modern high explosive bomb as blast 

act ” uDonTh? “plosives depend for their 

tleniTThlv r ^ e^l.brium of the.r con 

h droaen sl fJebTv ' f “rbon oxygen mtrogen and 

tion new, simpler IndTOre'stable eombustion or detona 

chemical action is started it compounds are formed Once 

IS immediately converted mtn * "'■lb great veloaty and the explosive 
gases now occuTn; These 

substance have powfrful S'^for volume than the origmal 

violent, detonating at .he rale 'f ! 

greater than the speed of th "“los per second, many times 

Logan 1939, 

The t7atUTe of "blast’ Dv 
the compression and subsequent suitin' 
detonation of high explosive At„^ “P *’7 

hood there occurs first a momentat^'LP”“''c“'c“‘' oe'ghbor 

0 006 seconds for a 70 pound li2e3 ' d 2'*’’ P"=““'= (f°" 
pressure due to the fact that the posUiv. 

po five compression wave has reduced 
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Lujig Injury Due to the Detonation of High Explosive 
the density of the air behind it to below normal atmospheric pressure. 
Like the pressure component, the suction component of the blast wave 
lasts but for a fraction of a second, yet as a rule for a longer period than 
the compression wave (up to 0.03 seconds for a 70 pound charge). 

The wave of pressure is highest in the immediate region of the 
explosion and falls off rapidly as it moves away. Thus 15 feet from a 
125 pound charge, the hydrostatic pressure may be of the order of 200 
pounds per square inch, whereas 50 feet away the maximum pressure 
recorded will not be mote than 10 pounds. Everything in the immediate 
neighborhood of the explosion of a big bomb will therefore be suddenly 
exposed to a violent pressure wave of many times atmospheric pressure, 
whereas everything 50 feet away will be exposed to only two or three 
atmospheres of pressure. , 

The suction component of the blast wave is always wea er lan 
pressure component and in no case can it be greater than 
square inch, since this corresponds to a complete vacuum. The magn • 
tude of the pressure and suction components of a blast ^ ' 

related directly with the amount of explosive and are S 

larger than for smaller amounts (Roomary, 1910, ay or, , 

"'^Tiepfyties of "hlast." The prime characteristic of 

motion is that whereas the disturbance itself 1 , j j 

tides of the medium through which it passes do 

oscillate backward and forward about the position ^ 

plane of oscillation may either cross the ^ ^ l„„„’itudinal 

transverse waves, or parallel the line of propagation, called g 

For the sake of simplicity imagine that the ij’ expands 

small sphere of explosive material. * 'V^^immediately surround- 

suddenly and compresses a spherical shell o ai by a rare- 

ing. Thus the blast wave consists of a compression foHosved bj 
faction as it is propagated outw'ard. jts 

The maximum movement of any air pat ic 
normal undisturbed position is called the amp i 
clearly depends upon the violence of the exp ° jn Europe, 

aerial bomb explosions such as are now eing wave 

the amplitudes are considerable, for in the compre^ square inch 

pressure up to 200 atmospheres-^hat is. 1 and /a tons p 
— have been observed. » denote ine/Tecti'c* 

The phrase "beating the air" is common y ^ mobility of 

ness, nkling the air is normally ineffective, because 
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the air generally makes it easy for it to escape around the edges of the 
vulnerable object The more sudden and violent the ' beating' the less 
IS this true, and the more will the air act not like a mobile gas but a 
rigid object, so that the violence of blast can even bruise the walls of 
the lung as if they had been hit by a solid object (Berthelot, 1885, 
Burlot 1931 , Sutherland, 1940) 


'Tlie Eftecls of Dclonation of High Explosive 


The extraordinarily varied effects of bombing on buildings in cities 
and towns have been vividly described and minutely detailed by Haldane 
(1938), Langdon Davies (1939), and others from their experiences in 
the Spanish War They described how, when bombs burst in a street, 
the metal shutters of the shops which had not been hit were sucked out 
ward When a bomb exploded inside a house a large part of the 
shattered walls fell inward 


According to Logan (1939), Zuckerman (1940) and others, a man 
^ bonib explosion either by being hit by fragments 
01 the bomb casing or by masonry or some other hard substance falling 
Mplosion, or by being violently thrown, or by being 
affected by the blast wave without being thrown 

reported that during World War I 
evLt,in * PKbed up in the field dead from an 

blood stamrd /''iff "*£ injury, and sometimes with 

were descriheifT '"S ^'°m the nose or mouth Similar experiences 

4 -STs;, ;;s4.sr,"“ “• 

Inl feature " ’’““"'■age, has been the consistent and dom 


tilinical Inveetigation 

this form°orinI'u^“ as^ot'wdT^™ 

1918) Nevertheless th 1 prior to the last war (1914 

belie/ that “ns td^fi t 

either to pasps .. a. l ^ explosive effect were due 

of the explosive (Broua/w"l8s“c^' produced from the detonation 

1887, Mitchell, 1897 Urie ’l904 ' 

19111 or resnlHunl , '^05, Fabre 1906, Hatton 

which’contain gas eg thMunrS"! 

i, , g the lung lobules stomach, or intestine Thus, 
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Lun^ Injury Due to the Detonation of High Explouve 
experimentally, gas bubbles may be set free in the blood by the sudden 
evacuation of a chamber in which an animal is placed. These bubbles 
may then block the circulation as in compressed air workers or deep 
sea divers when they are too rapidly decompressed JBert, 1875; Granjon- 
Rozet, 1877; Gaudin, 1887; Guinand, 1887; Reynaud, 1887; Thomas, 
1917; Hill, 1917). 

The earlier clinical observers also reported that this form of trauma 
produces injuries in the nervous system (Hinchcliff, 1875; Gaskery, 1877; 
Duret, 1877; Michel, 1878; Tiyon, 1891; Matignon, 1907; Zangger, 
1907; Querleux, 1908; Etonensis, 1909; Llewellyn, 1910; Stierlin, 1912; 
Claude, 1914; Laures, 1915) and in the lung (Reynaud, 1887; Paucot, 
1901; Delacroix, 1907; Ravaut, 1915; Thomas, 1915; and Sencert, 1915). 

Recent observations. Gatti (1918) presents a case of acute pacalysis 
with subsequent atrophy following the explosion of a large bomb without 
actual contact. The condition was similar to that seen in anterior polio- 
myelitis and the assumption is made that the concussion injured the 
motor portion of the spinal cord. Similarly Cramer (1919) reports the 
case of a young soldier who presented the signs of a severe aortic insuf- 
ficiency after being thrown several feet into the air by the explosion 
of a bomb. This patient had previously been healthy and had not had 
those diseases whi^ might pr^ispose to such a heart lesion. 

Mott (191d, 1917) repotted several patients as having died of ex- 
plosive concussions in which two outstanding lesions were observed. 
First, the hematomas present in the lung, and second, the extreme 
vascular injury to the brain. He believed that the enormous aerial com- 
pression "may be transmitted to the fluid about the base of the brain 
and cause shock to the vital centers of the floor of the fourth ventricle, 
causing instantaneous arrest of the function of the cardiac and respira- 
tory centers.” This, he held, explained many of the instances of sudden 
death in which no visible injuries to the body were evident. Similarly 
Haldane, in describing a personal experience of his own during World 
War I when he was In the vicinity of bursting shells, thought that death 
under such conditions might be due to respiratory paralysis. Other 
similar observations of injury to the nervous system from the effect of 
explosion were also reported by Chavigny (1916), McWalter (1916), 
D'Abuno (1916), Meige (1916), Lttecmitte (1917), Pachantoni, 
(1917), and Marage (1918). 

Mogena (1938) saw several instances of soldiers in Spain suffering 
from violent "bodily commotion” from proximity to a bursting shell. 
Examination of those killed by explosion (without obvious external 
injury) may reveal a tear of the Jung, or a bulbar Jiemorrhage: in 
249 



War Med tan e 

others who live for a time rupture of meningeal vessels, hemorrhage 
from intestinal laceration and other internal trauma In some the hemor 
rhage might not appear for 2 to 3 da>s The author explains this as 
due in his opinion to gas embolism from sudden atmospheric decom 
pression 

Falla (1940) reported a case with capillar) hemorrhage in both 
lungs due to blast The patient died 12 hours following operative inter 
vention for bleeding from a laceration of the thigh after the use of open 
ether anesthesia (Fig 3) 



evidence of setiou, or gross pattoTo . I 

They called altentron to the tttovf? ™ 

the symptoms and physical siens ” frequency between 

ballooned appearance of the Acst md frequency of a 

diminution of rib expansion A si^I '‘“^‘°'°£>ual appearance of a 

(1940) ^ ^ similar observation was made by Rose 

bon"“oTLi‘;2„’’trrosr:biv^^^^^^ 
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Lung Injury Due to the Detonation of High ExpJostue 
abdominal symptoms, neither presented any demonstrable lesion and the 
thoracic injury appeared to be the real cause. He calls attention to the 
fact that if a group of bomb casualties contains one blast case it prob- 
ably also contains others, even though the signs and symptoms are 
Jacking. 

HadfteM et al. (1940) reported 10 cases of sudden death in persons 
subject to the blast effect of high explosive bombs. In none of these 
was there any evidence of external trauma. There were gross hemor- 
rhagic lesions in both lungs in all, and blood stained secretions in the 
upper air passages in some. Again they reported a case in which a man 
aged 23 Jived for 51 hours after exposure to a blast. As a result of this 
observation they believe that patients who develop pulmonary hemor- 
rhage without external trauma to the thoracic wall continue to bleed 
into the lung for a period which may amount even to 48 hours. In the 
light of the post-mortem hnding of continued bleeding they concluded 
that these patients should be rested as strictly as if they had had recent 
severe hemoptysis (Fig. 4). 

O’Reilly (194l) stated that from 3 cases which he had studied one 
clinical point had emerged; that within 48 hours in 2 and within 4 days 
in the other the clinical findings of an ordinary lobar pneumonia had 
apparently developed. Again 5 patients belonging to the same "incident" 
were brought in with the appearance of acute abdominal catastrophe — 
rigid abdomen, pain, and so on. Two were sufficiently serious to require 
surgical intervention, but nothing was found except a few minute 
subserous hemorrhages. 

Ross (1941) made a comparative postmortem study of peacetime 
and wartime lung injuries and concluded that the main points of dif- 
ference may be summarked as follows: 

1. la compcesshn asphyxia the leshas may be symmetrical on both 
sides but not necessarily. The hemorrhages are usually subpleural and 
in the lines of the ribs. There is generalized pulmonary congestion. 

2. In hemorrhage due to impact of a solid the hemorrhage is in 
relation to the point of maximum impact and may be unilateral. The 
lung tissue is contused, torn, and filled with blood at or around this 
point. 

3. In "hemorrhagic concussion" (due to blast) the lesions are always 
bilateral and roughly symmetrical. There is general congestion of the 
lung. Pleural hemorrhages are present only as an extension from deeper 
areas. 

Osborn (l94l) from the results of his comparative study of peace 
and wartime injuries to the lungs states that there are two forces which 


251 



lyar Aledtcme 


bring about the the capillar) hemorrhage in ‘ hemorrhagic concussion ' 
These are compression of the lungs through the chest wall and dia 
phragm and the counterpressure exerted b) the air in the alveoli Tlie 
actual lesion is mainl) hemorrhagic from the aUeolar capillaries The 
lesion itself is not progressive, as Hadheld ct al claim, but the reaction 
IS Treatment is largel) in the anticipation of complications 
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ceived a direct shelter which re 
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Lung Injury Due to the Detonation of High Explosive 

pression of the chest and abdomen than we see in civil cases during 
peacetime.” 

Robb-Smith (1941) after the study of 789 consecutive accident cases 
of all types again called attention to the fact that "the pulmonary symp- 
toms which arise from exposure to the blast of high explosive may be 
due to a combination of pulmonary concussion and fat embolism, and fat 
emboli should be specifically looked for in autopsies on air raid casual- 
ties.” A similar observation was also reported by McKibben (1919) 
from his experimental study. 

Experimental observations. The prevailing idea formerly was that 
the nervous system was especially sensitive to this form of trauma. This 
received the support of Mott and others. However, clinical and post- 
mortem observations have now established that the pulmonary lesions 
predominate. 

Carver and Dinslcy (1919) report experiments on fish, rats, and mice. 
They state that the animals which were more exposed to detonation 
showed hemorrhages from the ears, nose, and mouth and when sacrificed 
exhibited varying degrees of internal hemorrhage in the viscera and 
central nervous system while the alveoli of the lungs were nearly always 
found to a certain extent ruptured. 

Mairet and Durante (1919) have published several reports concern- 
ing concussion shock, the last of which presents their conclusions and 
opinions based upon a considerable amount of experimental work. They 
exposed rabbits to the detonation of high explosive under various condi- 
tions and made a particular study of the resultant lesions. The symp- 
tomatic behavior of the animals was also noted. The viscera of the 
animals at necropsy were found to be normal except for the lungs which 
were spotted with hemorrhagic areas. On the surface of the cord in 
all cases they found varying amounts of blood suffusion, irregularly 
distributed, with small clots adhering to the nerve roots. The brain 
appeared normal or showed petechial hemorrhages at various points on 
the surface. Upon these observations they developed a theory that con- 
cussion shock is due to vibrations set up in the atmosphere which, trans- 
mitted to the organism, act injuriously by violently agitating the unpro- 
tected tissues. 

Hooker (1923) determined the physiological effect of air concussion. 
Experimental observations were made upon dogs, cats, rabbits, and frogs 
exposed at various distances to small charges of explosive and to gun- 
blast. According to this investigator, bruising with rupture of the lungs 
was the single gross lesion found postmortem, and this lesion was prob- 
ably the primary cause of deadi when it occurred. 
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Barctoft (1940) also investigated the physiological effects of blast 
and established four points from his experiments (1) that only animals 
placed in the open and within 15 feet from the exploding bomb suffered 
ill effects (2) that the Anderson shelter gave immunity at 15 feet and 
out\\ard to blast injuries (3) that the animals situated further than 
15 feet suffered no demonstrable lesion of their organs and (4) that 
the lesions found in the animals nearest to the explosion were essentially 
in the lunqs Histologically these lesions consisted of bruising of the 
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Lung Injury Due to the Detonation of High Explosive 
alveolar capillaries. The second is that the lesions are caused by the 
distention of the Jungs with air. The third is that the lung lesions are 
due to the impact of the pressure wave on the chest wall. 

Zucherman (1940) in a recent, more elaborate investigation designed 
to determine the mechanism by which the lung lesions were produced, 
confirmed the extensive injury to the lung tissue m a wide variety of 
animal species. The view which his experiments substantiated was that 
‘the lesions were due to the impact on the thoracic wall of the pressure 
component of the blast wave. Rabbits were exposed to the explosion 
of hydrogen and oxygen in balloons. When very close to the balloon, 
the lesions were found mainly* or entirely localized on the side facing 
the balloon. It appeared to be a direct impact effect, and not some more 
general pressure effect through the trachea. In the latter instance the 
lesion would be expected to be bilateral. In another set of experiments 
one-half of the animal w'as covered with sponge rubber; if the covered 
side were placed toward the explosion the animal sustained practically 
no lesions, but if the covered side were away from the explosion it 
received many lesions on the uncovered side facing the explosion. 

Near the explosion of a 70 pound charge (at 13 to 18 foot distance) 
the animals would be found dead within one minute. At these distances 
the positive component of the blast wave (hydrostatic pressure) varied 
between 126 and 63 pounds per square inch. Further away, in a zone 
of lower pressure (at 18 to 20 feet) the animals would die, as a rule 
witliin 24 hours. The clinical features were fairly constant, including 
air hunger and dyspnea. Still further away was a zone (at 20 to 50 
feet) in which the animals survived and recovered, and in which they 
showed no external appearance of injury, though postmortem examina- 
tion revealed characteristic visceral changes. 

In none of the animals which died was there any external sign of 
injur)', and in no case were fractures observed. The predominant lesion 
was bilateral traumatic hemorrhage in both lungs varying in degree 
according to the distance of the animals from the explosion (Fig. 5). 

Microscopically, the lesser degrees of damage appear as a small zone 
in which the alveoU and the smallest bronchioles are filled with blood. 
The alveolar walls are often disrupted, the hemorrhage originating in 
the torn alveolar capillaries. In severe grades of damage, large areas 
of the lung are disrupted and hemorrhagic and the larger bronchi become 
filled with blood (Fig. 6). 

No changes were obseri’ed in the other organs and tissues of the body. 
Zuckerman concluded by emphashing that in the case of fatal injuries 
due to blast, "what actually caused death in such cases — in fact, what 
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caused death in experimental animals subjected to blast alone was not 
kno^n, and it was to the solution of that problem that some experiments 
at the present were being directed 

Stewart et al (l94l) more recently report their experimental in 
vestigation of blast injury to the central nervous system Again, the) 
^phasize that lesions of the central nervous system may be produced 
They state that though pulmonary damage is apparently a constant 
hnding and at times is very extensive, it seems unlikely that it is respon 
;ible for either sudden death or later fatalities except in a contributory 
way They suggest that the mechanism responsible for the cerebral 
lesion was the hydraulic like pressure on the centra! nervous system, 
in Its rm encasement, resulting from sudden compression of the thoracic 
cage wuh consequent violent backpressure on the venous s.de 


Treatment of the Injured 

vationTn”!r” the basis of both the clinical and experimental obser 
mtsures oTdirecr ‘ P«>Phylax.s is possible aL there are Uo 

First th ^ ‘mpoitance m the prevention of this form of trauma 
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lie fli on the arniind ' emergency measure one should 
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AlaiargOTcM after 

of the lung injury ,n order to t^ro 7*1 “"P°c ance of early recognition 
sized If for examolo m rationally, cannot be overempha 

concluded that pulmonare Icsiom" * observation it is 

shock is out of proportMn to the "" 

the indication will ^ to avoid ‘‘PP®™^ seventy of the injury, then 
Open anesthesia and tr, /- “"necessary operative intervention and 
It ts 100 “ •*-= 

quired Complete rest ,s esscnlii,l 'realment which may be re 

lungs found at necropsy and the 

effort should be made to avoid anv clinically, every 

might be added to the alreadv tj trauma and work that 

would consequently appear to hi 

all, an awareness that such damage to !he lun™"' 

late all concerned to be watchful for this 1 , d? 

those injured in air raid casualties 
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Summary 

This war differs from those preceding in that aerial bombing has 
assumed a dominant role in the attack. Consequently, the civilian popu- 
lation is, at least in certain phases of the struggle, more vulnerable to 
attack than the military personnel. This new technique of warfare has 
created other problems of injury and particularly to the lungs; however, 
lung injur)’ in the intact thorax occurs more frequently during peacetime 
than has been formerly recognized and reported. 


Fic. 6. Photomicrograph of the lungs of 
a rabbit exposed to blast, showing many 
alveoli filled with blood cells and the dis- 
rupted alveolar walls. (After Zuckerman.) 

The pertinent physiological and morbid anatomy of the thorax is 
reviewed. A case of lung injury unrecognized clinically and discovered 
at postmortem, similar to that of the lung injury from blast is presented. 
A brief review of the power of high explosive, and of the nature and 
physics of the explosion is presented. The outstanding clinical findings 
of blast injury to the lungs are as follows: 

Symptoms may var)' from a slight degree of respirator)’ distress to a 
complete cessation of resphatioa depending on the degree of injur)’ 
inflicted by the blast wave. In general, va/)’ing degrees of shock are 
present accompanied by dyspnea. Cough and hemoptysis also are fre- 
quent. Symptoms referable to abdominal and cerebrospinal nerv'ous 
disturbances have been reported. 




War Medicine 

Physical examination reveals, in general, no gross injury particularly 
pointing to the thorax However, one clinical aspect of importance 
dealing with this type of injury that demands constant attention is that 
the gross lesions found elsewhere in the body must not be allowed to 
overshadow the possible lung injury which is now known to be prob 
able without evidence of external injury to the chest The importance 
ot this special precaution, clinically, cannot be overemphasized The 
presence of blood in the nose ot mouth and bloody sputum, and the 
characteristic xray appearance of the chest are of considerable diag 
nostic importance ° 

re''0til extensive hemorrhagic lesions 
hemnrrh^"^^ general pulmonary congestion Pleural 

hemorrhages are present only as an extension from deeper areas 

vestinato r“l, I carried out by various in 

puSa V lesm “ fostmonem findings that 

~e„'ts rtha/lh 7'"'^ -b^tantiated by the® recent 

wall of the Dress ^ esions ate due to the impact on the thoracic 
hav ai m 0 ^ 11 “?'”"“' More recent studies 

neJvouf s "teA mav be a ‘°7r' °f “-e central 

mechanism which u responsiwl'^f^*' hi*** u 5“gg«“d that the 

like pressure developed*^ from cerebral lesion was the hydraulic 

clinical and Ixplrent I k " ‘'gM of the available 

necessity ot ke^^^^ 

'vhelher injuries are found eltwhere7n\he body "Seedless of 

Conclusions 

fretjuentlj in peacetime thanTaThl. trauma occurs more 

2 In a bomb explosion the nres " '^cognized and reported 

pulmonarj lesions without resulKinr*'"'j™''' ™“)' produce 

cage The lesions are principally durtoTh' 

of the pressure component of ihe^KI impact on the body wall 

produces lesions predorainantiv in lhl*l trauma 

3 It appears that the melanism '*"* ^'r'mdantly confirmed 

IS the hjdrauhc pressure on7e f" “’e cerebral lesion 

*^ous sjstem, m its firm encase 



L«f}g Injury Due to the Detonation of High Explosive 
ment, resulting from sudden compression of the thoracic cage with 
consequent violent back pressure on the venous side, and that this 
mechanism may prove to be the explanation for the cause of sudden 
death in certain cases reported. 

4. Prevention is better than treatment; the necessity of providing 
adequate general and direct protection, particularly to those who are 
prone to exposure to the bombing attack is evident. 

5. After injury complete rest is essential. Every effort should be 
made to avoid any additional trauma and add extra work to the already 
damaged lungs. Oxygen therapy should be used more extensively. 

6. The knowledge that such damage to the lungs may occur should 
stimulate all to be watchful for this type of injury especially among air 
raid casualties. 

7. This review by no means concludes the problem of lung injury 
due to the detonation of high explosives. It is hoped that present and 
future investigations will bring greater and more accurate knowledge. 
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A Review of Cases of Injury to the Vetebrae Occurring in the R. A. F. 
observation was invalided from the Service nine months from the time 
of his accident. It is doubtful how much of his symptomatology was 
due to the mechanical injury of the vertebrae, as no paralysis was noted 

Alclhotl of Treatment 

It is possible only to generalize on the subject of treatment, as these 
cases have arisen throughout the Service and have been treated in various 
stages by our colleagues, while some received their initial treatment at 
the different civilian hospitals to which they were admitted following 
their accidents. We have attended some of these cases, and one of us 



Fig 2.— Same case after unsucce^.u. 

lit reilurtion. Displacement persists. 


(P. A. H.) has had the opportunity of examining all 

taking charge of many, is cssen^ 

cases with the least suspicion of spinal injury r this practice. 

as vertebral injuries are at times discovered on ) ) 

As a general rule the teachings of . ^ . hvnerextension and 

been applied in principle— that is, J,iy ambulation ivlien 

fixation in plaster-of-Pans. Wc outsell cs p 

possible, and it would appear that our co eag recorded 

a similar outlook. Open operative procedure has not 
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evccpt m lire one cist of ccnicil dislocation quoted alvjic when delated 
spinal fusion was successful I imincctom) Ins not ken peifornied in the 

which nroT'T "f “ '«l<^l>ra 

which prosed most resistant to reduction deserves i detailed description 

I!e,l.,elion in i, (ai-e of ll.ti„„„l (,„lei,l Di.h.mtlnn 
a sotS"!s'he?r'°f 5= Jcmonstntinc 
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( B 1) lie Inti an immctlntc pirtial motor 



. -ThTS; atlet reduction 

days by “mp'lete motorllT's"^';"^^ "!"* "«h.n two 

Traction was attempted followed k, la'lo" the lesel of C 5 

sadavs This failed to effea rediiclm “tension of 16 lb for 

With general anaesthesia (eas and (f'g 2) 

applied by means of a double loon nf tnechanical traction was 

and occiput connected to a system nf P'aeed under the chin 

dynamometer Countertraction wa« K** mcorporation of a 

the operating table and straps passed ='’’“'■‘‘1'' P'eces on 

and the pulleys being attached tn c “'““"d the body both the table 
^ points m the structure of the 
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operating theatre. During the application of stress observation was con- 
tinued by means of a Victor portable x-ray set combined with the use 
of a daylight fiuoroscope by an assistant. 

Full distraction was not obtained until the dynamometer, which was 
accurate, registered a pull of 160 lb., when the articular facets separated. 
The antero-posterior displacement was then corrected by a strong forward 
pull applied through a loop of unyielding calico bandage passed behind 
the lowest part of the neck, together with a forcible backward thrust 
applied to the transverse processes of the vertebrae above the injury. As 
soon as the displacement appeared to be corrected, as judged by the 



eighteen months after 


fluoroscope, the traction was released and the order 

rect posidon (Fig, 3). Haster-nf-Pnris was apphed “ ,nd 

to maintain hyperextension. Later lumbar puncture ^ of the 

Queckenstedt's test gave a satisfactory response P 

jugular veins and to respiration. . ^^mv^-ments of the 

The subsequent history showed recover)' of minute 
toes in three months, followed very slowly ) a f function was 

and sensation until, eighteen -nte after h« a-fJ 
restored. He returned to dut)% and two >ears lat 
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The latest radiograph, taken sr\ moiilhs ago. shons nnl) sliglit anterior 
displiccmrnt %Mth a little absorption of the lip of the bod) of the loner 
\crtebra (Fig ’ 

( oinitii iilnr« 

incn^oT"' acieptante of the principles of treat- 

meals If reduction b) 

Teir cled bi'’h"'rT"" Usutll, tins rediictioii 

ones Tot?’ n" .""'“s ■>“’« ('Vatson 

Sion frame m thes; osef “n'd" “ '’Jr""'"' 

dislocation and dispheemenrof il?c1'rr"r'"" “ 

fracture of the bodi Hire l r" P'oeesses -iccotnpanies a 

act as fulcrumTo, erl^^ 1 pr.«,s ma, 

cord In these cases red traction upon the 

operation, must precede In nete"t ° '’’‘ dislocation, usiiall) b) open 

Xt Z”r C“! 1m 

much of the inihaf ISs IS fs ; " '"m'd 'hr" 

transient, although recover) maT h” ‘“'’Cussion and is therefore 
caused b) malposmon of thl sert’ebrae i 

, o J-. local anaemia At first it P'™’’"'"' damage 

'between such a paralysis and it. i impossible to differentiate 

cord, which IS I, reparable Hauser Mo-st” “f "" 
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tion, subject to the perfect efficiency ^ 

tice where possible Not only is\ plaster, is an excellent prac 
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pression that lie is and will remain a vnpplc. Hie plaster must be 
retained until consolidation is complete — three months for slight cases 
to six months or more for the more sc\-erc. 

Laminectomy has practically disappeared from the treatment of these 
cases, although some authors describe various and at times complicated 
indications for its performance. The impression given by present litera- 
ture is that it is seldom necessary, and "it is not likely that any improve- 
ment in the patient's condition will result (Wakeley, 1936). 

Tlie mechanism of these injuries has been adequately expl^ne m, 
for example, a paper by Lambn'nudi (1936). We find it diflicu t to 
agree tliat fractures of transverse processes arc essentially traction- rac 
tures. While we agree that these may occur possibly, as Koudienko 
(1936) suggests, by sudden muscular action in a fully rotate ’ 

've find that of sixteen cases of this injury in the series examined m this 
paper eleven gave a history of a definite blow over the affec^ ^ 

other five had indefinite histories which might have indicated eithe 


director indirect trauma. , , ^ . 

Methods of reduction of dislocations of the cerwea ver e 
trifle diverse. Skeletal traction is advocated by [’ 

Hoen (1936). and Dacton (1938). The advantages and -if 
the application of skeletal traction to the skull are fairly “ J 

son (1933) advocated postural traction, with fixation o 
extension by means of sling under the chin. We f 

method of controlled and observed powerful traction pr comment 
of US (P, A. H.) and described earlier in this W-;-* 
that such a method gives the operator an assura 
otherwise enjoy when dealing with such a vital area. 


Siimniarj’ 

Fifty-seven cases of injury to the vertebral column affected 

'f whi* nine were the result of flying accidents and sixteen 

lying personnel, „,„rned to full Hying 

^ The majority of the flying personnel alfec 

A method of controlled traction under visual observation is 
■or the reduction of a cervical dislocation. 

■A few comments are made upon current literature, ^hich we have 
We wish to acknowledge and stress t e ' treated a propor- 
prevjously referred, that many of our colleagues . j-ivil hos- 
t'po of these cases, while others have been transr fovided and 

pitals, References to the current literature ave 
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papers for study lent by the librarian of the Royal Society of Medicine 
to whom we would express our gratitude 
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IIWESTIGATIONS CONCERNED WITH PROBLEMS OF HIGH 
ALTITUDE FLYING AND DEEP DIVING; APPLICATION 
OF CERTAIN FINDINGS PERTAINING TO PHYSICAL 
FITNESS TO THE GENERAL MILITARY SERVIffi 

By LIEUTENANT COMMANDER ALBERT E BEHNKE JE 
Medical Corps, V S Navy ’ 

the^importance pf ilf "k if medicine Without minimizing 

fxemXed bv the “ therapeutic medicine as 

Wt^life ^ca “hfsaidT" “‘““S 

applied to lame em i ^ ^ preventive aspects of medicine as 

ic. ... - 

of tl” ”um7to"^^ “ “PO" ‘be proper restoration 

State of well beinc m Dersonn^t maintenance of a continual 

The accomKrof the'oh f “vironments 

applied to the elimination of diseaTe anVth “ 
Standards of physical fitness ^ maintenance of high 

developed only through lone technique usually 

In the acquisition of this exn<»ri*. experience in military life 

important role experience test and research endeavor play an 

rlisease, far caching immunolocK m'T' k™'*^ P‘'''“tion of 

militaiy life eliminated or mmmifzed the'” “PPbnrtion to 

frver tetanus, cholera, yellow fell and'"""”"' 

bacillus infection ’ streptococcic and gas 

the many noxious factors “'"bAt, however, is but one of 

of importance ace the more ® '"® P"“"''r' Of the same order 

minmg the full capacity for dll'" flhigne and injury under 

extremes of heat and cold oxv ’’ a furtois as 

variations in barometric prcssi.m®,'”' . "'"T =“ high altitudes, great 
tude fliglit, noise and viLation loss' T ‘‘‘""8 b-gh alti 
lion and the stress imposed bj arduou" ^07’’’ "’"Squint <i«r 

These aspects of piesentivc me,! ^ ’ 
in\estjgati\e endeavor on the pjrt f recent concern of 

Sion arc presented the results of sT In this discus 

^.ving and deep sea divine illiisfnf pertaining to high altitude 

ve of medical research directed toward 
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Investigatiom Comerned with Problems of High Flying and Deep Divmg 
the maintenance of the individual in the highest state of mental and 

physical health. . i 

From the militar)' point of view, the objectives of deep sea dtv.ng and 
high altitude flying are divergent. Deep sea diving is usua y 
whh submarine rescue efforts and the salvage of disabled and 
craft, while high altitude flying serves as a -neans of destruction 
From the physiologic point of view, hosvever, high a titu ^ S 
deep sea diving have a great deal in common. Both flelds dem nd 
stringent physical and mental qualifications for personnel and the mam 
tenance of high standards of physical fitness. nvimnment 

In both fidds individuals are removed from a normal 
and subjected to rapid and great changes , „xvircn are 

extremes of pressure pure oxygen or mixtures o e lu ' fatigue 

required, artificial htat must be applied, fa«ors 
minimized, and a high state of morale mam aine . external 

in both fields depends upon the elTective contro ° ^ jjujy, 

forces in the effort to keep constant the interna en , j altitudes 

During the last World War flying was ™f"t„„uld 

of 15,000 feet or less, or in an environment m which the aviator 

obtain his oxygen supply from 15 qoO and 30,000 

At the present time flying at As the war 

feet has made necessary the inhalation o P“' of ,[,e 

progresses aerial fighting and Bombing o[«ra 10 J j ^ pia„ 
growing efficiency of land and other 

at even higher altitudes in the range ot 3 . £„i,t-inp is the ability 

A prim®e factor relative to ‘irl The^ oBci 

of men and machines to function at high a i u aviators are pro- 

must therefore consider those problems essentially 

jected from a normal environment into the =“Bs 'do phje, 
a change involving large Anduations in ^ studies in rela- 

It is here that the experience derive ^annlied in the solution 

tion to deep sea diving and subnaarines can e p troposphere, 

of problems incident to existence m problems but special 

Not only does this experience apply maintenance 

procedures developed for the 

of physical fitness of men crowded i military 

submarine are applicable not only in aviation but also 
service as a whole. 
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IKrfr AUtlicwe 

Symplon,, Ar,„„g from cimngo in llarom. iric Prcuro, 

Iu,oI>cil in AmciiI Io Higli Altilmln. 

In the studj of this probitm essential conditions Mill, respect to 

■" ■"' ») ---f » 

vaninfrbtmr t 

.mportant distinction must'^be made betsseen . li 'ms““s efet'of 
r urS“v‘’;srf “"'f’ ■" -mrast ^rretlons 

malts ^pressure -» 

cntfo7™tfo'f72?',m“'’T"'''"® 5 '■“« “lu-l 

decompression as affects the *s suf>jcct to the same force or rapid 

"£t: 

from 14 7 poondTperttm T"'“" 

inch at 40 000 feet without an <o 3 pounds per square 

By conS! ratdlsstlved 

intestinal spaces ate mvolsed in Pms^nt in sinal, aural, and 

to the altered pressure Ii „ n. n<iu'libtium adjustments relatise 
rise to symptoms gaseous disturbances that maj gise 

Decompression Elfecls As tl. u 

■ng altitude ascent, air usuallvLT/"’^""' dn-- 

nnd from the spaces m the mVdAV '^7“ *= paranasal sinuses 

^he presence of mucous secretion / mastoid bone Occasional!} 

the outward passage of air so »h lining membranes blocks 

mcreased relative to the Dre«iir».^ ^ pressure in the occluded spaces is 
This difference m pressure elinr.*" ^ enveloping membraneous tissue 
Md the diver experience difficultvSv aviator 

from altitudes or into the denihJ r u compression as in descent 

A related phenomenon 

expansion of gas m the stomarh diminution m pressure is the 

in amount, the abdominal oam an?!? '"‘«tmes If the gas is sufficient 
m altitude ascent The abdomm 1 ***““*°" may be the Iimitmg factor 
swallowed air and is readily conrr^ii,^u residual nitrogen of 

mg and other practices mdurinn i ^ elimination of gum chew 
^ mduemg salivation and swallowing 
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l,,veUig.tion Comemed wUh Problems of High Flying and Deep Divmg 

Compression E§ecls: Aero-otitis media occurs almost ^ 

tion durifi descent from high altitudes when the batometn pr« u 
is increasing. An essential fact with reference to ttau-at.c o t s medu 
and injury to sinal membranes is that obstruction 
feet J of the upper part of the respiratory traa “f “ ^tTo„- 
in pressure between tissue membranes and the P ^ 

traft to the effect of a decrease in »™b.ent pmssure compressmn te^^^ 

to elevate the tissue pressure hemorrhage. We 

spaces and to bring about ^mporahrb- 

have found that hearing may be imp P . ^ hy repeated 

recovery of auditory function is to be “P ^ injured aural and 

audiometer tests on divers. Persistent infection of tlm^e 

sinal tissues rarely complicates recovery exrep ^ j i; 

Another cause of traumatic otitis f Xtag descent from 

indirectly brought about by oWn opening of the auditory 

high altitudes if oxygen is the introduction of 

tubes in the efFort to equalize pres moePfsid cells During the 

oxygen in the spaces of the middle ear replaced by 

next 24 hours oxygen is absorW from voluntarily opened from 

nitrogen provided that the auditory u e , voluntary effort to 

time to time. During sleep, however, sus^ jjjlj ear tissues as the 
swallow results In a cupping action on the middle 

oxygen Is absorbed. , . . „ „„ u. effected during descent to the 

Prevention of this type of in|uiy , 5 nno foot level, 

ground level if air is ^ ,het apart from injury to aural 

The conclusion is reached ^ physiologic effect 

and sinal tissues, compression ILnsidered as minor compared 

These disturbances, however, may b^^ J ^es 

with the serious complications that arise trom tn 
bubbles in the blood stream. 

Tim Problem of Aeroembolism 

“ an adequate - 

f rdlS^mer— ^ — tes the gravest danger Incident 

.ith reirence to the f gained in the study of 
therefore, to apply to the P^b'em P 8 

S -XtreTaf simulated ascents to high 
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..r.“.”“r ““i"; •■'<■ 

r<--ftrcna to l.ioli nr to,, *e joints With 

1..* » '■'■■ » 

formaiion probablj weseiirit'\udTs''"*^^f bubble 
vessels ^ ^ ^'*<lesprcad embolism of the pulmonary' 

'nnLrt'Ln£hra^ufbrrM““ “"'pressed air 

rinen, ..II«t,n/tho s^tul cliS ^ 7 system 

"ilh bends, arc less common mjiufcstat.7 7 eomparison 

Kalare of ihe Protilei/i If ib, * compiesscd air illness 
of mdisidiials to hull altitudes a7r*''°"'* '’“''*'‘1 b) rapid exposure 

itsoUts Itself into the rtmmal of m aeroembolism, the problem 
"f rlre Irod, In tins connection feTmd “7“ ‘‘'7 ''''* the tissues 
pressuies in the cap, liar, and eeV' foUo'wng gas 

formation enoiis blood contributing to bubble 


Kilrogrn ... 
C«tlon DioxIJi 
WaUt ra;>or 


573 mm 
• 17 mm 
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hjvestigaliofjs Concerned with Problems of High Plying and Deep Diving 
nitrogen elimination cur\’e, figure 1, therefore serves as a guide not only 
for the decompression of divers but also for the nitrogen decompression 
of aviators preparatory to high altitude flight. 



Method of Procedure: Test runs were of two types, short exposures 
of one hour and long exposures usually lasting six hours. 

The subjects for the short exposures were both divers and aviators. 
The subjects for the long exposures were principally deep sea divers, 
average age 33, range 29 to 42 years; average height 71 inches; and 
average weight 184 pounds, range 149 to 205 pounds. 

In all tests the rate of simulated ascent and descent was maintained 
constant at 5,000 feet per minute. 

In a typical experiment the subject assumed the sitting position at rest 
and breathed 99 per cent oxygen from the time that the ascent was 
started until the termination of the run. Prior to ascent a period of 3 
minutes was allowed for washing out the residual nitrogen in the lungs. 
The subject was then locked in and placed "on his own” until the 
termination of the run either at the end of 6 hours or earlier if symptoms 
supervened. Glass ports allowed a close watch to be maintained on the 
subject. 

At the ceiling altitude a series of recordings were made by the subject 
in order to ascertain his state of well being and his ability to carry out 
assigned tasks. 

The temperature in the chamber was fairly constant at 79" F. dry 
bulb, and 72® F, wet bulb. 

For oxygen inhalation the usual system employed consisted of a 
rubber helmet, bag reservoir, canister containing a carbon dioxide ab- 
sorbent, and a motor blower to provide gas circulation. These parts 
formed a closed circuit which w'as rinsed at 30 -mmute intervals to ensure 
a 99 per cent oxygen concentration. 
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Experimental Results 
l-ong Exposures 

The essenhal data are recorded in Ihe decompression chart, figure 2, 
which serves as the basis for the following presentation 



to Prolmgejf/j, hthaUuon md Favor 

fetarenotattfndedSilulJlT"'' 20.°»0 

thrs 4 hour period the altl^uc^^* m ^ period of 4 hours Followine 

rncidencrof sym^^r.tsird '""'“l" 

Rapid ascents to levels betw^ ^ ^ period of exposure 

l-eledustodesignaL this a^md f“‘- ho-ever, 

on the chart, as one of s.Ient ■ h'hS"®r the dotted area 

subsequently to an altitude of 35 0M fL fT"°"; 

2 hours, did not elicit pam ’ followed by an exposure of 

The assumption that bubbl 

debilitating fatigue developmrj^tf '* ^“PPo^^ed by the occasional 
by the fact that oxjgen mh^L " 

in presenting s>mpfoms than ,s Zl altitude is less effective 

feet, when the altitude is subsm., rnhalation at or below 20,000 
Ascents can be made to alhtu*- 

feet where men may remain for a li a c ^8,000 

an altitude of 35,000 feet for a ''o^oh ultimately 

Mild bends, mdtcated by fte 

^ Imes running crosswise, may 
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hwestigatiom Concerned u-ith Problems of High Flying nnd Deep Dhmg 
appear either between 25,000 and 28,000 feet during the stay of four 
hours or subsequently when the altitude is increased to 35,000 feet. The 
symptoms, however, are usually not of sufficient severity to terminate 
the test run. 

Oxygen Inhalation for a Period of Forty-five Minutes at Ground 
Level Followed by Rapid Ascent. Figure 2, Column 2: The breathing of 
oxygen for a period of 45 minutes at the ground level enables individuals 
to reach altitudes of 29,000 feet to 30,000 feet for a stay of 4 hours, the 
altitude subsequently can be increased to 35,000 feet for a stay of 2 hours. 

Oxygen Inhalation for a Period of Ninety Minutes at Ground Level 
Followed by Rapid Ascent. Figure 2, Column 4: Oxygen inhalation at 
the ground level for a period of 90 minutes permits an ascent to an 
altitude of 34,000 feet for a stay of 4 hours followed by an ascent to 
35,000 feet for a duration of 2 hours. 

Oxygen Inhalation for a Period of One Hundred Eighty Minutes at 
Ground Level Followed by Rapid Ascent, Figure 2, Column 5, svill pre- 
vent bends during a period of 2 hours at 37,000 feet. Bends, however, 
may occur during the third or fourth hour of exposure. 

Oxygen Inhalation for a Period of Three Hundred Minutes at Ground 
Level, permits an ascent to an altitude of 37,000 feet for a stay of at 
least 6 hours. Upon the return to ground level men remain in good 
physical condition. 

Galumn 6, Figure 2, has not been completed at this t/me but it is 
anticipated that a period of 300 minutes for decompression is ample 
for an exposure of 2 hours at 40,000 feet. In this study it did not appear 
desirable to complicate the picture by symptoms attributable to the low 
oxygen pressure existing at 40,000 feet and equivalent to the oxygen 
pressure at 12,000 feet when air is inhaled. 

.The Value of Oxygen Inhalation for the Purpose of Nitrogen Removal 
at Altitudes Above Sea Level: If equal protection against the develop- 
ment of aeroembolism could be afforded by oxygen inhalation at higher 
altitudes, then the feasibility of oxygen inhalation for this purpose is 
enhanced. 

So important is this consideration that the following data are given. 

For a constant rate of ascent at 5,000 feet per minute, oxygen inhalation 
for a period of 300 minutes at sea level rendered safe an ascent to 37,000 
feet for a period of 4 hours. Likewise oxygen inhalation extending 
over 300 m'inutes at 20,000 feet rendered safe an ascent to 37.000 feet 
for a stay of 4 hours. 

The tests indicate that up to an altitude of about 20,000 feet oxygen 
inhalation is probably as effective in promoting nitrogen removal as is 
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oxygen breathing at the ground level In other words, ascent can be 
made from the ground level at a rate of 3,000 feet pet minute to any 
altitude short of 20,000 feet order to effect nitrogen elimination 

he “Ihtude of 20 000 feet appears to be a critical level with respect 
to manifest bubble formation It must be remembered howler [hat 

Tne Td [ 20,000 feet may be 

“S" “"dition of the men 

pres™he“t:e tSfrr 

not as effective as at sea level 'foTr nitrogen free, was 

reference to chart, figure 2 the third r With 

pression period of df minutes at 20 000 MTar “ 
feet total time 90 tu ■ . ^ minutes at 25,000 

slightly higher than the iih ^ / tilude reached however, was but 

45 minute per od o[ fee *e single 

effectiveness of ihe t JoTsT? '' "T^‘ The 

feet respectively stands m com^o ^°’°°° 25,000 

was inhaled for a period of 90 obtained when oxygen 

rrom these ccn^Xl.^^aT r/a P""”' 

exception of late fatigue have been Z jVZ ° ')’"’Ptoms with the 

to altitudes be.wee„®2o,oXa„d 2; X f f 

designate this altitude ranee as an c 1 appropriate to 

manifest only by a suddef increase in tiM f°™ation, made 

fatigue after return to the ground level 

’ alue of Hghuni Tfi>» i 

quired to ensure adequate penod of oxjgen inhalation re 

feet renders this procedure impnclicTuf 

If pilots could exist m an nL * interceptor pilots 
lem might be solved Hov eve^^a,? pnor to flight the prob 

Arc hazard preclude its use und’eX P"'" and the 

A helium oxycen at™ a “"‘’'‘■ons 
d.flicnltiesa„daP„urltS;X"X overcomes these 

removed as effectively as thouuh „ “trogen will be 

helium ,s onij one thud as solubl'^ f ’’'“'hed Since 

quantit, of gas available for bubble fom I ““P^ed with nitrogen the 
"hich ma; be 90 per cent fat ,s ZZZ '^P^ially ,n bone matron 

In other vords the prelirmna ® * reduced 

aeroembolism should be greatly rediX'’ “u inhalation to prevent 
helium, compared vith a simLr nror T''''" '' rofnrated with 

hbmim vith atmospheric nitrogen'^ " ■" equi 
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Investigatiom Concerned with Broblems of High Flying and Deep Diving 

This inference proved to be true. A period of only 90-mmutes of 
oxygen inhalation was required to eliminate the helium dissolved in 
tissues in contrast with the 5-hour period required for nitrogen elimina- 
tion preparatory to prolonged stay of 6 hours at an altitude of 37,000 feet. 

The practical application of this fact applies to conditioning rooms in 
which men can carr}’ on normal activity' in a helium-oxygen atmosphere 
and yet be ready for prolonged high altitude flight with but little pre- 
liminary’ oxygen inhalation. 

Summary of Experimental Results iWaking Possible Long Exposures 
at High Altitudes. These tests have shown that men can ascend to 
simulated altitudes of 37,000 feet at the speed of a mile a minute. 
Existence in this rarefied atmosphere will be normal for at least 6 hours, 
provided that gaseous nitrogen is removed from the body at the ground 
jevel or at altitudes up to 20,000 feet. 

If sufficient nitrogen is not removed from the body prior to ascent, 
bends which may be incapacitating develop. Further, asphyxia due to 
extensive nitrogen bubble acaimulation in the pulmonary vessels has in 
several simulated altitude ascents forced immediate descent. 

Experimental Results 
Short Exposures 

Under conditions of military flying pertaining especially to inter- 
ceptor pilots, it may not be feasible to administer oxygen or helium- 
oxygen mixtures for the purpose of eliminating tissue nitrogen, prior to 
ascent. 

The immediate question arises as to what altitudes are attainable when 
the period of exposure lasts for one hour. To answer this question a 
series of simulated flights were made utilizing the same experimental 
procedure employed in the long exposures except that oxygen inhaiation 
prior to ascent was eliminated. 

The results of 60 tests indicated that 28 divers and aviators were able 
to remain at altitudes of 34,000 feet to 40,000 feet for a period of one 
hour without symptoms. On the other hand, 32 divers and aviators 
developed bends and occasionally asphyocia at these altitudes within the 
hour period. 

On the basis of these tests it was concluded that all fighter pilots 
should be tested to determine their altitude tolerance for a period of one 
hour at altitudes between 30,000 and 40,000 feet. 
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TABLE 1 

sxn.p,.„, n,„,.d b, I..p.d Ch.„5e. i„ P„„„e 


Too Rapid Decompression Prom 
High Pressure Atmospheres 


^ Jan May 1939 Debilitating fatigue 
experienced daily with onset delayed 
several hours following rapid de- 
compression from 4 atmospheres 
pressure 

pressure for 4 hra 3 hrs after ex- 
posure severe substernal imtotion 
pains in extremities, fever, sweat’ 
ing, malaise, developed 
March 20, 1933 Expoaed to 4 at 
»ojheree pressure for 110 
3 hrs t,i|o„„g decoutpression, sub 
sterual irritation pain 

wsent in tte‘Stararra!"„rt' 

observed for a „ enexes were 

:--o'd%rrpSer,'*' 

decompression diver H 
recompression ^ ^ 

f hrs 65 mins followmf d^ 
Prcssion. severe pam wa! . ^ 

enced m left elbow Recomnr 
required ^^n’Pression 

for 6 hrs 4 hrs following dec?™ 
press, on pain was felt ,n both k„ ™ 
accompanied bv 


Too Rapid Decompression to Low Pres- 
sure Atmospheres— Present Test Runs 

Oct 18, 1940 Debilitating fatigue 3 
hrs after return to ground level fol- 
lowng an exposure at 23,000 feet for 
6 hrs 


^ 000 feet for 46 mins ; 30,000 feet for 
90 nuns , 37,000 feet for 49 mm, ; 
after 23 nun, at 30,000 feet and con- 
tlnmag at 37,000 feet, pam was felt m 
left shoulder and in both knees Ex- 
weme fatigue was present 6 hrs after 
return to normal pressure 

J 25 nnn /°! O”"' After 2 hr, 

at 25000 feet, pain developed in left 

m tb?'' A*/®'*'® ™ f'“ 

stemnl^^^* accompanied by sub- 
Complete relief after 
return to sea level 


1940 "27So'feet for 114 mm. 
Developed pain i„ 

K000taf'““™ "“"OO at 

Sr 3m Exposed at 20,000 feet 

mm. • “• 97.000 feet for 10 

37 000 'J'n'eloped m npht knee at 
• 00 feet, abated at 25,000 feet 


oxygen inhala- 
III J 31.000 feet for 

in lari'* P®'" developed 

shJw radiated to the 

subsided at 21,000 feet 

^ '• *940 At 20,000 feet for 40 
So’ "a “■‘’”“'"‘*"97 mm, Pam 
ped in the left knee at 37,000 feet 
— " subsided at 23,000 feet 
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The Syniplonis Elicited hj- Hapid Ascent to High Altitudes Compared 
with Symptoms Resulting from loo Rapid Ascent from Diving Depths 

In 92 test runs bends developed 40 times, extreme fatigue was mani- 
fest -ttvice, and signs of pulmonary embolism appeared in three tests. 

Bends, therefore, represent the usual dinical entity incident to raptd 
ascent to simulated high altitudes. The more serious complication of 
pulmonary embolism giving rise to asphyxia on 3 occasions indicates the 
grave danger inherent in rapid ascents to high altitudes when nitrogen 
is not previously removed from the tissues. 

The overwhelming nature of asphyxial pulmonary embolism is indi- 
cated by the large quantity of gas, measured m hundreds of cc., capable 
of forming emboli. Fortunately with adequate recompression, that is, 
during rapid descent from high altitudes, symptoms are ameliorated or 
disappear. 

In answer to the fundamental question as to whether "altitude bends” 
are similar to "diving bends,” Table 1 is presented outlining the symp- 
toms exhibited by men exposed to extremes of high and low barometric 
pressure. 

Etiology of Bends: The frequent reference to bends merits a brief 
discussion as to etiology. Bends as one of the manifestations of too 
rapid decompression denote a shifting, aching type of pain present in the 
extremities usually in the region of the joints. 

To explain this type of pain it has been frequently assumed that 
bubbles are present in nerve trunks, tendon sheaths, and joint spaces. 

In our studies, however, gas bubbles to which symptoms could be 
attributed have been observed only in blood vessels and w’e believe that 
the etiology of bends is essentially the result of embolic ischemia of 
osseous tissue. 

The bones because of their peculiar blood supply and structure which 
includes bone marrow with its high absorption coefficient for nitrogen, 
serve to retain gas bubbles forming in situ or reaching the bones by way 
of the general circulation. 

Bubbles accumulating in the veins and sinusoids of bone marrow are 
undoubtedly prevented from readily entering the general circulation by 
reason of rigid character of the vascular walls traversing the hard sub- 
Stance of bones. 

Supporting the vascular ischemia origin of bends is the fact that 
application of pressure promptly relieves symptoms. This response 
might not be anticipated were the injuiy due to extrar-ascular bubble 
formation which would imply cellular destruction. 
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workers sunTttL°^ char.cterm.c lesrons m bone appeannfi rn ca.sson 
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a.r a^ri^^pLi'^r: fr:“rtt "d ■" 

pain IS regarded as,a mamfestltL o7 “ “"“mdant symptom of 
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gas elimination into the blood strea ^ return to normal pressure 
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anoxia «« *>“>>«« to bring about a delayed embolic 
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Investigations Concerned with Problems of High Flying and Deep Diving 
strated gas emboli in the body at high altitudes, the evidence derived 
from these tests leaves little doubt that the etiology of aeroembolism is 
to be found in the formation of gas emboli. 

The fact that nitrogen removal from the body brought about by 
oxygen inhalation will prevent asphyxial collapse and bends that other- 
wise occur, is evidence of the common etiology of aeroembolism and 
compressed air illness. 

Real danger is therefore inherent in rapid ascent to high altitudes. 
On the other hand the removal of body nitrogen commensurate with the 
altitude attained, makes possible ascents to high altitudes with the cer- 
tainty of physiologic well being. 

The Problem of Work al High Ahiliides 


At an altitude of 34,000 feet, 0.25 atmospheres, the alveolar oxygen 
pressure when pure oxygen is inhaled, is of the same order as the alveolar 
oxygen pressure when air is breathed at the ground level, 1 atmosphere 

^ An important question concerns the individual’s ability to perform 
work at this altitude, since this criterion constitutes the only valid test 

of well being. , , 

For the purpose of exercise a stationary bicycle was employed. Figure 
3 illustrates the response in respiratory activity and oxygen consumption 
during rest and work on the stationary bicycle. n -js 

At a pressure of 1 atmosphere in comparison with a pressure of 0^25 
atmosphere, body metabolism as shown by measurements of 
dioxide output was essentially unaltered when oxygen was inhaled 

the two different pressures. n k»;r,rr ^.,rlnp 

There was no difference moreover m the feeling of well being d g 
and following the work periods at the simulated f'«f' 

While excise tests were not conducted at simulated altitudes above 
000 feet the data at rest indicate that the response to work will affect 
L Ldy in proportion to the degree that the alveolar 

altitudes between 34,000 .and 40 existence at 34,000 feet depends upon 
A more exact eva nation °f period of several weeks, 

prolonged exposures in excess of 6 hours ror p 

f for lligli Allilnile Flying 

Testing .and M.ainlenance of Filnes 

and Dee,. Sea Diving 

Tests to determine fitness for aviation and deep sea diving are the 
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pulnteM' ■" - not ‘he 

test ."„ UXan" ml"tal f ^ 

r”!:!?:"”™'" "" ‘o ^ p-rofTirospL: 



"'onary venSSL”"”?"’*'™ ’>"'< P"! 

1 RaS-“,“ j*'” ■" ■;'■»"»» to actmty 
ifoderale exerase— bicycle 2 

Piiles per honr^ t">sp— pedaling 30 


Allhough men susceptible t„ 

h) this test, ., had obvious disadvaT’’'”'"' ‘""0=^ "'=te eliminated 
Soantit) of nittogen absotbed by tCS' T* '’"‘j' “ undetermined 

but also if men det eloped svmn,„„’' ‘'“""S ‘he incomplete exposure 
'"Oppression was essential 'ho ‘“t Ptoidure, 

These disadiantageswemove ? 
from notmal in what mat be temedT„ .‘’'"".'“'"S 'h= pressure rapidly 
embracing the experimental procedure “''"“'*0 tolerance test This test 
previously described for short ex 
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Investigations Concerned with Problems of High Flyrng and Deep Diving 
posures at high altitudes, calls for oxygen inhalation at the ground level 
followed immediately by a rapid decrease in ambient pressure to simulate 
ascent at the rate of 5,000 feet per minute. 

The simulated altitudes to be reached m the exposure range from 
50,000 to 40,000 feet and the duration of the stay at the designated 
altitude is 1 hour unless aeroembolism develops. 

Routine procedure calls for an ascent to an altitude of 30,000 feet 
and in subsequent exposures at intervals of 48 hours the altitude is in- 
creased 2,000 feet provided that the subject remains free from symptoms. 

The results of this test procedure have served to classify out deep sea 
divers as to their resistance to compressed air illness, and our aviators as 
to their ability to remain free from symptoms at altitudes above 30,000 
feet for a duration of 1 hour. 

The test procedure is safe when administered under dose supervision 
and the symptoms manifested in the rarefied atmospheres on the b«is of 
current observations can be classified with } exceptions as bends. The 
3 exceptions were manifestations of widespread pulmonary embolism 
giving rise to substernal distress and paroxysmal coughing. These serious 
symptoms unless followed by rapid recompression would have given 

Tfallowance is made for the residual soreness in “P“‘- 

enced by the three men who developed pulmonary f 

toms wL completely relieved when the altitude was lowered several 

thousand feet formation will arise in all men rapidly sub- 

iected to'^a" above 20,000 feet. It is not known why some md ■ 

to aeroembolism may be esse y ^ 

nitrogen removal from tissues, susreptibility to aeroembolism. 

of fat are important factors ^ J of 21 to d3. no 

However, of the 60 men exa occurrence of aeroembolism 

certain correlation could be made between the occurrence 

physiolog)- the test is of great 
From the point of view o pp o^’ations in the open se.i con- 
practical importance,^ ^In rwenlj connection with the '■O-P" 
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Investigations Concerned with Problems of High Flymg and Deep Divmg 
to diving depths of 150 feet or greater are exposed to the narcotic effect 
of atmospheric nitrogen. Nitrogen probably by reason of its high fat- 
water solubility ratio acts as do similar substances in accordance with the 
Meyer-Overton hypothesis to depress the function of the central nervous 
system. The resultant altered emotional response and impaired neuro- 
muscular coordination are manifestations of this depression. 

An outstanding consideration is that able men by increased effort are 
able to counteract the impairment and to carry out their assignment 
although reaction time may be greatly slowed. 

The less capable individual on the other hand loses his grasp and 
objective and exhibits emotional aberrations of the type commonly asso- 
ciated with the ingestion of alcohol. 

In effect a had has been placed on the nervous system of the individual 
by the action of nitrogen. The degree and type of extra effort response 
which enables a man to counteract the stress determines his value for the 


performance of hazardous types of military duty. 

Tolerance Test for Low Oxygen Pressures at High Altitudes: 
respect to aviators the decreased oxygen pressure m the air at altitudes 
of 14,000 feet and higher imposes a stress or load on the individual 
so that responses similar to the effects of alcohol and atmospheric nitrogen 
at high pressures may be observed. . 

For each individual there Has come to be recognized a ceiling altitude 
above which rapid deterioration and failure in performance t® ^ 
expected. As may be surmised this ceiling shows cons.derabIe .nrhv dual 
variation because of the interrelation of complex phys.cal and psycho 

“’®LX"the last war Schneider and Dunlop made — e ^ts of th^ 
effects of low oxygen pressures and they developed “ ^.ghly valnab 
body of physiologic and psychologic data ut,lmng the Henderson^ e ce 
rebreather apparttus in Iheir tests for the class.ficat.on of prospect, ve 

'’““S.ese investigators and others, notably Im- 

progressive decrease in pulmonary oxygen 
paifed neuromuscular control, a narrowmg of 

loss of memory, a decrease in the capacity for mak.ng cho.ce react.ons, 
and striking alterations in mood. 

At present the widespread ™P'Xrnce as ^direct niterion of the 
mates the need for a test of ano»a employment of anoxia 

ability to fly at high of Lsic behavior and 

.n a lest of endurance and j drowsiness and ma.n- 

especially of the ability of an individual to resist 
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tain attention, is too well grounded m extensive investigation to be dis- 
carded. 

The essential problem now is to work out a uniform procedure in- 
volving the performance of simple physiologic and psychologic tasks for 
evaluating the response of the individual to the stress of anoxia 

It IS in this connection that the low pressure chamber affords a more 
convenient method of maintaming a desired oxygen pressure in relation 
to time exposure compared with the rebreather test. Current procedures 

14,l'a:?2o;'colet' 

phobia'ald fe^T/Tf “ '^degrfeof'cLstro- 

Tthe deep sea dl^ o^f ^e efficienq- 

dicative of^ anxiety neutoL uTthetf"®^®''' submarine duties. In- 
mental defect for personnel engaaed tT “ disqualifying 

distribution of these phobias eifhe^t latent 

hon, individuals have ^wom'mbber h"!** mtrogen elimina- 

head and excluding light It was fn u'l,"''’* completely enclosing the 
nervous and could® nrlolerarhen 

were admitted through goggles ^eJniet unless light 

Other men, however, were aW#» « » . 

periods as long as 17 hour« Tk darkened helmet for 

stable individuals when confrontetTI !IIT most 

For deep sea divers and suhm • ' ^ *^*^3rdous tasks in deep diving 
serves to exaggerate the condition nf*"^ P^'^O’inel the test is specific and 
characteristic of the environment of Th"*"'"'™* deprivation of light 

For aviators and other service tj 

of a serious manifestation nf no test permits the detection 

During the one hcurperio;™“ '■'F. 'be -”u,y neurosis 
ently normal while individuals with I i ®°°'* '^“utors remain appar- 
phobia are either unable to wear th l! j ^ Icndencies toward clauslro- 
S'gns of emotional disturbance usmIIv ^“’‘owmg the test, exhibit 
made of cardiovascular response ” evident when measurement Is 


424 



Ini estigiitions Concerned u'ith Problems of High Plying and Deep Diving 
Cariliovnnciilar Response 

As a part of the procedure to determine physical fitness the estimate 
of cardiovascular efficicnq' is of great importance. 

In the evaluation of cardiovascular tone the recording of pulse rate 
before, during, and following exercise, and of blood pressure is a standard 
procedure. As employed in the Schneider test these observations have 
long been routine in Army and Navy’ examinations. 

Objections, however, have been raised to the Schneider test in that 
healthy men under conditions in which they were obviously unfit, made 
high scores, and that psychic factors in their effect of pulse rate frequently 
determine the ultimate score. 

The value of the Schneider index depends not only upon the care 
exercised in its recording but also upon the careful control of conditions 

affecting the individual. . , , . • a 

The factor of temperature for example is a real variable in its effect 
upon pulse rate and blood pressure. We have shown that un er care 
fully controlled conditions the removal of men from a temperate to a 
tropical climate will cause an increase in pulse rate in response to 
increased peripheral blood flow, and a fall in systolic b oo 

An average Schneider index for a group of 10 men in Long Bea^, 
of 11; may fill to a value of 5 as a result of temperature changes alone 
It should be stressed that the Schneider index must be conducted as 
carefully as any quantitative laboratory procedure an e r 
value only in ptopottion to the control mainta.ned over attend.ng 

“"Because of these limitations the Schneider index may be considered 
as too refined a test for general service use. jnrrpase exercise 

For our purpose a simple test designed primari y satisfactory, 

effort over the effort required in the ^ 1 ,; h 20 times in 

In this test an individual steps up on a box IB inches d g 
30 seconds. Blood pressure is recorded before 

recorded before, immediately after ^ multiplied by 

pulse beats are counted for a period of 15 

' 'a “period of exercise follows and 

counted, A third period of “gj^rstep up exercise until the 

In the endurance run the subject persist P P ,„rttonorae. 

standard rale can no longer be maintain Cmoking because of its 

Tests are usually made in the early morn g- ^ awaken- 

accelerative effect on pulse rale is not permitted from the lime 
ing until the completion of the test. 

425 



War hiedtctne 

Good cardiovascular response is indicated by a return in pulse rate to 
normal after the 2 minute periods of exercise allowing a difference of 
A beats for error The minimum duration of the endurance run for men 
m good physical condition is 60 seconds 

Characteristic of men in good condition ate low resting pulse rates, 
diastolic blood pressure values in the range of 70 to 80 mm mercury and 
systolic blood pressure values not above 140 mm mercury 



t Follow 1.0 ^ oGm»na y .uW,go„o, 

1.00, poeod of i,.„o„a,y ,obo.o,v„„ 

Should It be desirable to classifv ik a 
of health) men the standard ^ ^ degree of cardiovascular response 
the pulse rate fails to return ^ repeated successively until 

minute period ^ ^ resting level at the end of any 2 

tonus and neuro muscular c^rd^'^^i indication of muscular 

designated as excellent aood fo.Z Glassification of response is 
The test because of 'it® smi’pliciZ^/ , 

operations or to high altitude flicht ft routinely prior to diving 

strenuous activity covering a J “ "P‘ unusual during sustained, 

P® Weeks for the diastolic pressure 
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accompanied by loss of vascular tone to rise 20 points or higher above 
normal. A quantitative estimate as to the nearness of the "break” m 
physiologic function is afforded by the test. 

Values shown in table 2 were obtained when deep sea divers and 
aviators served as subjects. 

Concluding Remarks: It is emphasized that an occasional estimate of 
cardiovascular function is of little value. These tests should be carried 
out routinely in order that the medical officer may obtain a quantitative 
evaluation of the individual’s cardiovascular response at any given time. 
In the course of repeated examination each individual acquires a con- 
tinuous record by which any particular effort response can be evaluated 
in terms of degree of physical fitness. 


Application of Findings to llic General Militarj Service 

SelecHon of Personnel for Arduous Duty: Present day mechanized 
warfare has placed large groups of men in confined spaces, in sea e com 
partments of warships, in turrets, in armored aircraft, in tan 'S, an in 
underground defense systems. These environments present sue i 
integrating forces acting on the nervous system as noise, vi 'V . 

variations in temperature, inadequate rest, and confinemen . ^ 

moreover, demands continual alertness and periods o ® cnpckllv 

Efficient existence in these deleterious surroundings calls 
selected men, essentially men possessing the attributes o su . 
sonnel who do not break down during periods o ^ vliiated air 
operations despite overcrowding, deficient hygienic aci 1 1 > 
and lack of immediate medical care. , „nifnrmitv 

la the selection of submarine personnel, o^ierim y andj— y 
of test procedure are maintained in certain P 

by means of the pressure chamber which may be oo P j £ 

seating a contribution of military medicine to the mrprovement ot 

... .K -xK'E "if;. 

tion services, the pressure test upper part of the 

well as the more apparent chronic _m ^ impairment by the 

respiratory tract, and serves to classify th g ---oonre Men who 
difficulty in making the adjustment to by this test 

might otherwise ptss a general lamination are eliminated b> 

for the continual, energetic activity in con ne ^ concerned with 

Additional tests conducted in the pressure c p^j. (his pur- 

mental and emotional response under a individual can be pro- 

pose limited periods of stress not injurious 
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v.ded bj the anoxta ot stmulated altitude oi bj a high pressure atmos 
phere in which atmospheric nitrogen series to retard efficient activit} 
Standardized psychologic tests carried out under tlicse conditions 

individuals whose capabilities are inhibited b) emotional maladjustments 
and mctnhoh Tu claustrophobia 

submarine smiK /' 

with periods of comple^riet a 

paihcipated in by all personnel pla, “r.Tnrroi? 

fortam7 mTr';r,;::"mt^^^^^ 

tices as altitude flyme without ™hich ha\e eliminated such prac 
altitudes between uljoo and ISomeet 

in arduous duty is becoming™ mtegr^ part of' "'‘j 

scholastic athletia Tervel to euide'^T ®'™'^“te and basis of 

men for modern warfare Fnr -.fkw* efforts on the conditioning of 
value and the kind of tram.n. competition has demonstrated the 
supreme endeavor ^ retiuired to enable men to engage in 

The self sufficiency furthfTm t 
'~»versities enabling men^oLe mr 
of time can be attained also m ft. s^iation for considerable periods 
In this manner the semen ? cantonment 

men will enhance the carS complete rsolat.on of groups of 

and training designed to overrfMr.” ® of intensive conditioning 

Group isolation will further serve obj^ives otherwise unattainable 
!“.! extraneous onJ ,“■= “'^“^ence of communic 

severe toll on military personnel the past has exacted a 

man power *** terms of sick days and weakened 

The endeavor of medical office 

With the adversities of the ° teach and tram individuals to cope 

field serve as a nucleus for a nalSMTS™™^ broader 
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Although a rehabilitation program aimed at the correction of defects 
in personnel subject to the Selective Service Act is beginning to take form, 
the reservoir of civilian population must be imbued with a sustained will 
to physical fitness that produces health not measured in terms of longevity 
but in ability to stand up under arduous military duty. 

The success of this program will be manifest when the body of able 
population engages daily in supervised athletic games and exercises and 
when the automobile is discarded for recreation in favor of the bicycle. 
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FATIGUE IN AIRCRArx PILOTS 

By BOSS A McPABLAND 

Aimtat Professor of IndmtrvU Research Harvard Umversety, 
Consultant Pan Amertean Airways System 

relates Prableras m evil and milltaly aviation 

it ZTra P“P“‘f ‘y “S pilot fatigue Conclusions about 

articles that have been written since each depends larnelv on the inter 

Sedtortfnula I T ** ™'‘' 

as":cTd“fTp:T^^^^ 

hre^&dvir th r - 

the field of aviation that fa4ur"d““to‘’r‘* ” 

nerve impulses and oriemates in the ™ ' * excessive generation of 
The varieties of infel . . * body 

the word fatigue does not Lve" ^ P““ *° *= f^ct that 

It refers generally speakine to i ^ *P“'dc meaning in a scientific sense 
with loss of efficiency In fomm fitoop of phenomena associated 

conscious in psychooatholnev “"““S' not unlike the word un 
certain phenemVna that ate^'M"'''"^' 

| 00 d yet nonetheless tea! The P “"bnown or not clearly under 
wever simply because Peob'e™ cannot be explained away 

phenomenon itself its natufe o"'T\ obtained relative to the 

particularly a pilot after a lone I” ^ practical sense everyone 

weather conditions understands ”T terrain and in adverse 

the words nervous and physical "t IS meant by 

' '"‘b-d-cussion anS'^lf 

surgeon is always faced wifh ^ made since the flight 

nger or flight o&er f„ exL^?"'"’ P'o^ems An operations mtn 
Hons as these The pilots on “Pproach him with such ques 

fo tlieir bases completely exhanc/ routine operations are returning 
thej fly at too high altitudes witL \ong'> Do 

in the cockpit that affects them ad” °^6cri> Or is there something 
poor illumination? Or again Canf as vibration noise or 

these days He has gone slate h”"” himself 

and shows poor judgment in i ^ nervous and irritable 

to be one of the ablest pilots m thZ^T"^ He used 

group but his flying is no 
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longer trusted. Should he be grounded or sent away on a vacation.^ 
Finally, in the daily press are recorded accidents attributed to "pilot 
error.” In the early stages of the war, the British pilots were evidently 
losing more planes in landing accidents on returning home from fighting 
abroad than during actual combat with the enemy. In civil aviation in 
this country, a large percentage of the accidents (often estimated at 80 
to 90 per cent) are ascribed to pilot error. Do these pilots become so 
exhausted that their judgment is faulty when they make decisions or 
land? Do latent or minor visual defects in acuity, in night vision, in 
space perception and in sensory’-motor performance become manifest or 
acute after long hours of fighting under intense emotional strain? 

Since one cannot control and measure all the variables involved, the 
answers to such questions are indeed difficult. In a short discussion, one 
can hope to indicate only some of the more important contributing 
factors involved in pilot fatigue. Only brief mention is made, therefore, 
of the so-called "locus” of fatigue and of the accumulation o atigue 
substances. Emphasis is placed on the variations in ener^ /esourvcs, 
such as oxygen and sugar, and, more especially, on several major ron- 
tributing factors to fatigue, such as worry, personal maladjustments, lack 
of exercise, the effects of high* altitude, poor selection o oo , 

excessive use of alcohol and tobacco, and certain factors m e co p 
of an airplane, such as noise and vibration. Finally, a stu y o a igu 
transoceanic airmen is discussed. 

Locus of Fatigue 

For many years, physiologists have attempted to 
certain parts of the b^-in the muscle itself, the nerve 
nerve fibre, the synaptic junctions of the cortica ce ^ ° 

Numerous experiments have shown that the nerve er > 
fatigable. These phenomena are demonstrated to ^ 

with the classic experiment involving a f, stimulated 

frog muscle, with its efferent nerves, is isolate , stimulated 

until the muscle ceases to contract. Then, if the is given 

directly, it may react almost as vigorously ^betote^ 

a normal supply of oxygen and stunulated , attempts 

transmit impulses more or less definitely. By suA proce urns, 
have been made to demonstrate the relati ^ 

muscle and the possible location of fatigue m t ^ " muscles are sub- 
synapses.* Although one can demonstrate t la c 

jecl to loss of effidenq- in ergographic shidtes, musadature 

the fatigue problem in aviation, m which the pilot g 
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IS not used excessively Studies of isolated nerve fibers have proved to 
be equally inconclusive concerning the basis of fatigue Except for the 
role of oxidation in the effiaent functioning of the nerve tissue, there 
fore, the implications of these experiments for pilot fatigue are not very 
direct 

It may be that the psychologists who have stressed the role of the 
higher cortical levels have more information to offer tegardmg pilot 
fatigue They speak of mental blockmg and they have demonstrated 
that, under certain conditions involving stress, there is a loss of efficiency 
m menial tasks This is espeaally true of the tasks that involve the more 
complex cortical functions such as memory and delicate judgments of 
discrimination and choice * 

In the field of vision, m which the processes involved are concerned 

ktiei e '"'"T ™ual 

hat tL >nadequate and inconclusive Many authorities believe 

(often es Zed'll whtch ocular defects are observed in children 

ToZer X isT^”' T hfe Unfortunately, 

onhe ibn i^T"i *«= abnormalities or 

m visuaf Ck Even ' '’I'Z <=‘ of 'ffio-'ooy 

amount of illuminatm “•’Pb''* problem in industry, such as the 

The problem is comphcated'bv Znf, Prominent authorities 

self that IS the rpimu ^ nature of the visual mechanism it 

an extension’ of the brain ^rt^rTOi”^*^ implex organ being essentially 
adapts Itself readily to changes inXe" “ 

apparently recuperates f»r, Ai e environmental setting and it 

believe L from ordinary stresses In fact, many 

pcular muscles used m reldi^ Experiments dealing with the 

to a ^\ork decrement Carm i easily subject 

pie, to find evZee o^fZt 

hours of continuous readme ®The , '^0 "mscles of the eye during six 
trodes to each side of the eie by attaching elec 

the ocular muscles during readme “Aim Jbe action potentials of 
IS not clearl) understood^! is esslh 1 Z®’’ 

knoiin to accentuate visual discomfnP" ’’1,°*“ ‘be pdot from variables 
clouds or sun reflections from melal'T? “ from the 

illumination m the cockpit * surfaces on the plane and poor 
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Accumulation of Toxic Substances 

For many years, physiologists have attempted to associate fatigue 
with certain substances in the blood. At one time, many believed that 
lactic acid was the long-sought toxin.^ Dili and his colleagues® have 
shown that the accumulation of lactic acid is related to fatigue but that, 
as an explanation of this phenomenon, such accumulation is more re- 
stricted than observers at first believed. Their experiments have revealed 
that the concentration of lactic acid in the blood remains a useful index 
to the degree of fatigue in one sort of activity, for example, that in 
which either the oxygen supply is deficient or the oxidative mechanism 
of the muscles is not competent to meet the demands placed on it. 
In studying a group of persons varying in athletic fitness or training, 
they® observed that in a famous Marathon runner there was no accumu- 
lation of lactic acid. In several untrained subjects, however, t e acaimu 
lation of lactic acid was very great. Those who were well trained were 
able to carry out the tasks with ease, whereas those in 
■who created large amounts of lactic acid were severe y an 
The magnitude of the increase in lactic acid was close y re a e 
degree of fatigue, as indicated by other objective . ^j. 

Heart rate, respiratory rate and blood pressure, and > su je 
dence. That lactic acid is not the only factor was evidenced y 
that many track records are broken by athletes in ™ 

lactate in their blood. Furthermore, ,1° j 1 havl 

’^ork, as well as miners at high altitudes, have been o s 
normal values for lactate in the blood- Other su s an 
proposed as toxic factors in fatigue, such as ammonia a 
but further evidence is required to establish these t eones 

Exhnustion of Energy Referees 

A great deal has been written about p“"j°|,ciits indicate 

reserves as sucar as a causative factor in fatigue. -i . , — j},e 
that in very exhausting work — in a Maratlion race p/fi. 

administration of glucose is of considerable ^ a uc i 

c«enq-. In work with a biq’cle ergometer, C and even 

that a verj- low blood sugar was associated [„| 3 „ccd by H'C 

sensory impairment. These effects were rapldl) c 
Ingestion of glucose, and the subjects cou ‘ . ^aj[ioh>dr.ite. If 

Hour or more. In hea\y work, the preferre i diminidiinc 

Hea\y labor is continued for a long time .^pirafor)’ quotient. 

rescr\'e of carbohydrate is associated with a a 
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as glucose, which is eisih assim.l ) '7'"* Ixitwccn meals such foods 
heavy mtiscuhr work however i evidence obtained during 

could consume his entire carbohv'l 7 “nderstand how a pilot 

musculature involved is so small 7.^ reserve since the amount of gross 
tion of energy reserves ,n a pilot couM r""?! ‘he exhaiis 

factor ,n fatigue except under sntv l”'*^ ^ ""rortmt causative 
In the field of mental work eircumstanccs 

‘he ingestion of sugar might coi,„',7r? “> e-rrlain liow 

rs well known thafthe " 

hydrate for fuel The meXhc ‘''Pondent on cirbo 

in hands" report that fatigue ° '"'"‘al work is verj slight 

•notor tests rsmodifiS favorably bv ?,'" s.mple psjcho 

“ |7!‘°“ "ot been confirmed b " certain sugars such 

trolled experiments on the metahol^’ earefull) con 

found that sustained mental effort f "’'"'"'I work Benedict” 

number of calories h^if f”' several hours rec,u.red only the 

thar ” not The in natpariments have shown 

If “wn ccnsumptmT. rr^i!'"''"' "'rvous system 

the fTli° ^ ““"ated with attention an I ' ’"“rnulafure and other parts 
the fatigue from mental work Ts dl '' concentratron Hence 

In 4Tiro7nrg*iveT'';“’"''"‘™ 
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7a t hP,'* 7“"’ afg and mental abnor 

m._ ^ ‘fnwn and cried foLn strenuous work during the 

termination of his six day stay thelo"’’'’"'"* he did ft the 

for anyone after prolonged menw T^ *™her It IS common 
pvf/f 9'^’cfc tempered and Iadcin°'^*^ t^ntinuous overwork to 
" trifling experiences mak** ^ *"r ^^^trol to a marked 
one furious Barcroft intimates 
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that the mentally overworked person who eventually seeks medical or 
psychiatric advice is possibly suffering from chronic oxygen want. Over- 
exertion breaks down the tissues, owing to insufficient oxygenation, and 
a prolonged rest is required before adequate restoration can take place. 
Barcroft concludes that one cannot at present answer one way or the 
other the question whether mental fatigue is due to oxygen want. The 
impairment may be caused by a defect in any link in the oxidation process. 
But one can state with certainty, he avers, that "a given strain produces 
a greater degree of mental fatigue, as it would of muscle fatigue, when 
the oxygen supply is deficient than when it is ample.” This observation 
is of significance for the pilot whose environment is known to be deficient 
in oxygen. 

Psychologic Factors in Plloi Fatigue 


Prolonged. mental strain, anxiety, worry or fear appears to have a 
Cumulative ill effect. Experimental studies of the increased oxygen con- 
sumption during emotional stimulation have given interesting results. 
Grollman^® found that disturbances of anger or regret increased cardiac 
output, pulse, blood pressure and oxygen consumption. Totten, ^ in 
arousing emotions in the laboratory by electric shocks or loud noises, 
noted increases in oxygen consumption of from 0.5 to 25 per cent wi 
the Benedict respiratory apparatus. The organism, however, can rea i y 
adjust itself to these temporary emotional situations. The cumuaive 
ill effect of emotional and mental conflicts of a personal nature or ° 
strain involved while flying continually under adverse con itions gi 
rise to pilot fatigue, so-called "staleness” or a cumulative an perm n 
loss of alertness and efficiency. „ . 

In World War I, chronic fatigue or ’'flying stress, as i " 
called, was not uncommon. Birley” describes a typical picture o 
flyer in the Royal Air Force as one having lost keenness an 
discouraged and uncertain of himself in the air: 

. . flying judgment and has to force trivial cau-*”- 

,j short of breath, and he attributes .;encp<«. Various 

V soundly and dreams of unpleasant flyinff • P j, fee!- 

s of mental conflict, such as indecision concerning e nerve and morale. 

^ y^'^'iual to the task, lead to complications invohnnp o- fondit'on 

dpv suggesting the beginning of an anxiety ’ permanently. The 

he is eventually grounded, not only tempora ^ re^pir-'*' 

torv gradual and i.s associated to some condition of the 

iJ of the flyer. The first symptoms show ‘ bre.athinp i' rio 

loni «spiratory center of such kind tary sy-tem. Ic«*en^ 

fore«^ There is also a loss of control m e .stomach and Mad er 

Wail and mouth muscles, and loss of tone p,u«cul.-vr move- 

mppf ^'■'^'l^ontly, there is slight incoordination of 

and noticeable tremor of the finger and tongue- 
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All these symptoms suggest a sunJanty to the person in ordinary life 
suffering from overfatigue and bordering on what is commonly called a 
nervous breakdown These same ailments ate often appearing in the 
present aerial war ° 

This problem has been discussed by Armstrong'* under the termin 
o logy of aeroneuroses In his opmion. this illness is a chronic func 
nts '’>'“8 The pathogenesis con 

accident ® profound emotional stress related to fear of 

Station nrnd™"’" "erve tissue de 

sensory an^ irritability, gastric disturbances, insomnia, 

eS ''yp''''«"''ty and a deterioration of the higher nerve 

cmlTviaLr n”,n"r ■" military than in 

both borderline and Icute Onl '’f 

sureeon is to know ^ functions of the flight 

their emotional orobtemcT^f" enough so that they will discuss 
maladjusted whether the came*^b^"a'* 
troublU are in7a"a ? “r"'’?P>' 

difficulties are straightened out grounded until their 

Imatiralion to higTalntude’'to be 

adrenal system m Onnl .. . the sympathico 

Situations as well as m arrl * ^^^iniuology is involved in emotional 
thicoadrenal system , si' ^ a lack of oxygen It the sympa 

Stress one might expect Door 

what the aameVtlT high altitude m some 
Cannon demonstrated tha ^ i'^** "^ith the digestion of food 

an experiment, their ahil.H * excited or struggled during 

ably lessened McFarland. was remark 

as well as those suffennc / observed that neurotic patients 

more sensitive to oxycen chronic nervous exhaustion,’ were 

manifested by greater frequen*^*''^f°f' control subjects This was 
placed m chambers deficient ° a>nting or collapse when they were 
tude It IS commonly observed which thus simulated high alti 

passengers who are very nervo” ® commercial air transport planes that 
sick or notice the effects of th ^be first to become air 

ceiling becoming progressnelv wl% t 

upset “ he is worried or emotionallj 

Tims far, the difficulties involv^vl 

enon of pilot fatigue m anv nan.,, i to locate the phenom 

The ner\ous s)stem and mi^des stressed 

o not seem to be subject to fatigue 
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except under very Jimited conditions of oxygen lack, low blood sugar 
or excessive accumulation of lactic add. Since the pilot’s life is, for the 
most part, a sedentar)' one, with only partial use of the gross muscula- 
ture, it is unlikely that the reserves of energy would be e:^austed. The 
emphasis has been placed on psychologic factors, such as worry and 
mental and emotional conflict. In addition to the emotional factors, 
lack of exercise, the effects of lack of oxygen at high altitude, the wrong 
kind of diet and the excessive use of alcohol and tobacco axe major 
contributing factors. 

Exercise and Pilot Fatigue 

The trend of civilization from the earliest times has shown a close 
relation of the fitness of man and animals to their environment. If the 
environment changes, the animals must change to meet the new condi- 
tions. Airmen, to meet the requirements of prolonged sojourns at high 
altitude, must therefore attempt to adapt themselves so as to Jive com- 
fortably and remain efficient under these conditions. In man's fight 
with the environment, the neuromuscular mechanisms have played a 
vital role. Under modern urban conditions, the muscles, lung surface 
and heart tissue axe far in excess of what is needed for sedentary life. 
Unless the extra tissue is called into play, it atrophies and becomes a 
source of weakness. The highly trained athlete who suddenly stops 
training after leaving college is especially vulnerable to organ dysfunc- 
tion. Large parts of the central nervous system are set aside for muscular 
activity, and this reserve must be used if it is not to become a source of 
danger. 

The increase in emotional and mental disorders may also he related 
to the very great changes in modern, as compared to primitive, life. 
The glandular changes known to occur under emotional excitement, such 
as fear and anger, equip the organism for a struggle.^ The secretion 
of adrenaline from the adrenal glands causes the blood pressure and 
heart rate to increase; the blood is directed from visceral activity to the 
muscles and brain; there is an increase in the rate and depth of breathing 
and a dilatation of the bronchioles of the lungs to facilitate the transport 
of ox)gen to the arterial blood; the glycogen stored in the liver is re- 
leased to provide extra fuel for the muscles; the pupils are dilated; and 
there is an increased rate in the coagulation of the blood in case of 
injury. AH these changes have great significance in the sur^’iva! of the 
organism in the event of a struggle. Under civilized conditions, howcN'er, 
there ts less need for these physiologic changes. Continual emotional 
stress without overt activity may therefore have a cumulative ill clTcct 
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on the cfiiciency of the organism in meeting situations insohing stress 
In piloting an airplane there ma) be contminl emotional stress esj>cci 
illy in ad\erse weather ind o\cr difTicuIt terrain without an excessive 
amount of physical exertion At the end of the flight the pilot should 
attempt to obtain some form of physical exercise to keep in condition 
There is some evidence of concrete advantages from routine exercise 
for airmen The pilots in the Royal Dutch Airlines apparently derived 
beneht from routine gymnastics during a week following long flights 
from the Continent to the Dutch Fast Indies and return In a study of 50 
Pan American Airways pilots in Miami Dr John T Macdonald- 
observed an increase of four points in the Sdincidcr index by moderate 
yet routine exercise over a period of several months Tlic benefits de 
rived from such procedures were especially apparent in the older pilots 
Further controlled studies are indicated to demonstrate the value of 
regular exercise for airmen 

tinner ^ experience to find that a man jn poor physical condi 

Idol ^ d ‘’“f “hserce in a man of oood ph)sical 
he outvtd Ir 'h«=Vvolnd,t.ons are but 

It not^aXbir.: ptdtcr:s 
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confusion are the reflection of Judgment or emotional 

For this reason a pilot mu"t 1“ T' Phjsical condition 

P maintain a high degree of physical fitness 

Effecis of Altiiudc in Acccniualing Faligue 

encountered at high dtitilde aTiT^"! reactions in the human organism 
of oxygen “ There is no storaee of P"‘“> pressure 

there is for other chemical substances^®'" ? 

the release of red cells by the sol ''be sugar and calcium although 
ered a reserve of oxygen m a Iiu^i!^ marrow may be consid 

storehouse and its^apacity rs veni “"'P 

hand to mouth existence and k f ‘’“''P, ''T " 

the atmosphere At 10 000 feet “ constant supply from 

a given breath of air supplies only 

438 



Fatigue in Aircraft Pilots 

two thirds as much oxygen as at sea level, and at 18,000 feet only half 

as much. , . , . 

The average unacclimatized passenger is apt to complain of certain 
physical discomforts while flying above 10,000 to 12,000 feet. In an 
extensive investigation carried out in experimental am ers ^ 
level and during prolonged flights at high altitude, the following reactmns 
have been recorded voluntarily by the subjects and passengers 
list is arranged in order of frequency and seventy: slj^ght ^ ^ai 
ache, which may become worse with increasing altitude; ^ 

vertigo on moving suddenly or irregularity in breathing and shortness 
of breath on exertion; digestive disturbances, especia y ga 
ach and in the intestines, and indigestion or slight nausea. 
impairment on moving too suddenly, especially “‘“f ” ^e o ex! 
in vision; a tendency toward sleepiness or lethargy; and a sense 

haustion and fatigue on exertion. aUihide mav 

The response of the average passenger or 
be influenced by a large number of variables. the« 

essential in determining the altitudes where " should^bej^d^an^ 

Ihe”® ot:: oCTre l£ ^ ^ these ™4.es are either 

specific altitudes where 

^000”^: InTgroVcf over 

and physical fitness, in were significant in the 

of two to four hours’ duration, t effects may become 

— «=p— d^:;™u?at lU m 

CcoTet The uppe*: limit k consciousness in unacclimatiaed man 

observed that if the high ^ ‘ than during an ascent 

hour, — the effects are considerably ^ number of subjects who 

to similar altitudes within „ y .,,„nts to 16.000 feet, a 

showed very poor responses g P ^ experiments in 

satisfactory acclimatization w fifteen minutes, 

which the ascent was extended adjustment to the reduction 

During a slow ascenh the “'Cefion. On the trans- 

in oxygen pressure have a p^ ^ before the 

Pacific flights, where from one to tnree 
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ship IS leveled o5 at the desired altitude, slow ascents are physiologi 
cally favorable to the passengers and flight personnel 

Length of exposure Moderate ^titudes of 6000 to 10 000 feet may 
be tolerated over long periods (eight to fourteen hours) without appar 
ent ill effects This does not seem to be so at 12 000 to 14,000 feet 
Although the mechanisms of acclimatization may be effective at moderate 
altitudes, the opposite appears to be true at higher altitudes Deteriora 
tion may set in, and the physical symptoms during the flight may be 
quite unpleasant Older pilots find it advantageous to use oxygen at and 
above 9000 feet for flights of more than two or three hours duration 
Amount of physical exertion The effects of high altitude tend to be 
accentuated during exercise This is of particular significance in stew 
ards, whose chief activity involves the preparation and serving of meals 
and making up berths while in flight On this account, the other mem 
bers of the flight crew should not make excessive demands on the stew 
ard during flights at high altitudes Care should be taken not to make 
too sudden movements or to stoop over loo quickl) because of cerebral 
anemia or lack of blood and oxygen m the brain and the increased sus 
ceptibihty to fainting Passengers should be urged to remain quietly 
seated following a meal at high altitude so that the blood will not be 
dncrted from the digestion of food to the muscles Also, the airmen 
might find it advantageous to arrange their meals aloft so as to relax 
for a short time following a meal before going on duty again 

Roughness of air and sudden moiements of plane Airsickness be 
comes grcatlj accentuated at high altitude Because of the combined 
effects of oxjgcn lack and rough air in interfering with the digestion of 
food, special precautions should be taken in the kinds of food ingested 
while one is flying under adverse conditions at high altitude 

Im{iortanec of Pilot's Diet 

Among the factors that maj affect the efficiency of a pilot, no one is 
more significant than liis food Tins is especially true during fljmg 
because of the effects of ox)gen lack on digestion Several controlled 
experiments have been carried out on the effects of reduced oxygen 
pressure on the digestive processes In studies with dogs, Delrue*® ob 
served a marked diminution of gastric seaetion, lasting from two to 
three da>$, in animals taken from a low to a high altitude Van Liere 
Crtslcr and Robinson"^ found that the emptying time of the stomach was 
prolonged m proportion, so that at 20000 feet the dogs had food in 
tlieif stomachs twenty four hours after ingesting it In additional experi 
ments on dogs, these workers** found that oxygen deprivation altered the 
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hunger contractions of tlie animals^ so that, under acute conditions and 
also following the experiment, the contractions were considerably 
diminished. 

These findings on animals were then checked on 8 medical students 
in a low-pressure chamber.-’* A barium meal was given, so that fluoro- 
scopic views of the stomach movements could be followed. The degree 
of retardation of the emptying time of the stomach varied roughly in 
proportion to the degree of oxygen deprivation. The altitudes where 
the first changes were noted for the average person at rest were between 
6000 and 8000 feet. These and other experiments indicate that, although 
the effects of the reduced oxygen pressure at moderate altitudes are not 
severe, there is ample evidence that both the airmen and the passengers 
should take precautions in the amount and kinds of food ingested aloft. 

At high altitudes, the pilot or passenger may become uncomfortable 
or distressed by abdominal bloating due to the expansion of gases in 
the intestine during the ascent. It is well known that the gases accumu- 
lated in the digestive organs expand as the external pressure falls, so 
that at 18,000 feet, — that is, half an atmosphere of pressure, — the gases 
in the digestive organs expand to double their volume. This may Jead 
to an unpleasant pressure on the abdominal wall and diaphragm, thus 
decreasing the normally available space of the thoracic cavity. When 
gas forms continually in the stomach or intestinal tract, it may be the 
result of either excessive worry, fear or other emotional disturbances 
that interfere with the digestive processes, as explained above, or a 
diet too rich in foods that are easily fermented, such as green vegetables 
and certain carbohydrates. 

In general, it may be said that the most desirable diet for the airman • 
or passenger previous to a flight or while in the air is one of high caloric 
value, which is easily assimifatecf. Carbohydrates, such as_^ glucose and 
cane sugar, and the products derived therefrom are highly recommended. 
On the eve or day of a flight, only a limited amount of leguminous or 
green vegetables and fruits should be eaten. Highly spiced or greasy 
foods should very definitely be avoided, especially cellulose, the skeleton 
of most plant structures and of plant cells. Cellulose is also found in 
other portions of starch grains and leguminous vegetables, such as 
beans. By diminishing the formation of intestinal gases by the control 
of the kinds of goods ingested before or during a flight, the pilot is 
certain to be more comfortable and more efficient while performing his 
duties. 

Interesting results have been obtained in the Pan American Airways 
System in special cases of fatigue and chronic minor illnesses in which 
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pilots have supplemented theit diets with vitamins and minerals This 
has been particularly true in certain pilots flymg m Alaska or Central 
and South America, where fresh vegetables and other essential food 
stuffs have been lacking m their diets A study of night vision in pilots 
with the Hecht adaptometer was made on 200 pilots Two marked 
cases of vitamin A deficiency and 7 cases of borderline or questionable 
abnormality were observed Controlled studies are being made at present 
on large numbers of military and civilian pilots A more exact indication 
of the extent of dietary deficiencies should be available m the near future 
Better objective tests, which might reveal deficiencies of each vitamin or 
mineral, are needed 

Another major consideration in the diet of airmen and passengers 
is the quantity of food to be taken previous to and during flight Under 
most conditions of modern life when muscular activity is limited, the 
average person probably eats far too much The sleepiness and lethargy 
following an excessively large meal are well known to everyone In 
view of what has been stated above about the formation of intestinal 
gases at high altitude as well as the general slowing up of digestive 
processes and the slower movement of food through the intestinal tract, 
the amount of food ingested before and during a flight should be greatly 
curtailed There is no question that mental and physical efficiency, as 
well as general comfort during a flight, can be greatly influenced if 
smaller amounts of the right kinds of food are eaten 

Effects of Alcohol 

A large number of experiments on the psychologic effects of alcohol 
show that it decreases efficiency because of its apparently depressant 
influence on the nervous system The initial stimulation is probably 
due to overcompensation on the part of the organism to ward off the 
deprcssuig effects Even small doses of alcohol have been shown to 
decrease reflex irritability, slow up muscular movements and reaction 
time, raise sensory thresholds, impair attention and concentration and 
after a time, reduce the natural spontaneity of mental functions Ex 
penments on both mental and physical fatigue reveal that alcohol hastens 
loss of function and impairs efficiency The improvement so often noted 
IS due to abolishment of the sensations of fatigue In athletics, such 
as m crew or track, the transport of oxygen from the blood to the rnuscles 
IS impaired, and it is for this reason that even small amounts of alcohol 
are detrimental and cut down performance by the fraction of a second 
necessar) to win a race 

Recent research on the effects of alcohol has revealed a number of 
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interesting facts for pilots and air passengers. Possibly one of the most 
direct effects of alcohol on the organism is that of diminishing the 
utilization of oxygen in the tissues. There is a close similarity between 
the behavior of a person suffering from acute oxygen deprivation on a 
mountain, in an airplane or in a low oxygen chamber at sea level and 
that of a subject under the influence of alcohol. The effect on the nervous 
system under both conditions is essentially the same — that is, a deficiency 
of oxygen is delivered to the tissue. At high altitude, there is a deficiency 
of oxygen in the inspired air, and under alcoholism there is a hindrance 
in the transport of oxygen from the blood to the tissues. 

The frequent references to the similarities in behavior between the 
effects of alcohol and of oxygen want (anoxia) and the fact that acute 
alcoholism could be counteracted by breathing excess carbon dioxide 
led McFarland and Barach*‘ to analyze the concentration of alcohol 
and lactic acid in the blood following the ingestion of standard amounts 
of alcohol in an oxygen chamber filled with air and at other times with 
excess oxygen (50 per cent) and excess carbon dioxide (2 to 5 per cent). 
The experiments showed that on the average both the blood alcohol and 
lactic acid were diminished during the breathing of excess oxygen and 
carbon dioxide as compared to the breathing of air. On the other hand, 
the alcohol was oxidized more slowly and the subjective effects accentu- 
ated when air deficient in oxygen was breathed. The experiments were 
repeated at 17,500 feet and 12,220 feet in the Andes, with similar 
results.^* The significance of these findings for airmen is obvious. The 
effects of alcohol are greatly accentuated at high altitudes, and efficiency 
following the ingestion of alcohol is therefore impaired proportionally. 
The passenger who boar<ds an airplane after drinking heavily may fall 
asleep quickly and forget his fears and worries. If the air is rough, 
however, he usually awakes and is more subject to airsickness. The 
pilot at that time, on the contrary, must be alert and efficient, and noth- 
ing should be involved to impair his nervous functions during the flight. 

Effects of Tobacco 

There are very few carefully controlled studies of the effects of smok- 
ing, and even less information dealing with the effects of tobacco at high 
altitude. Modern advertising has tended to distort the facts regarding 
the effects of tobacco. The evidence from reputable university labora- 
tories does not uphold the contentions frequently made that one brand 
of cigarette causes less acidity than another, or that any "lift" is due 
to an increase in blood sugar. It is obviously absurd that smoking 
necessarily goes with being a good athlete, explorer or aviator, as many 
cigarette advertisements imply. 
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The stimulating effect of tobacco is due to the nicotine, which is an 
alkaloid Nicotine is poisonous, and m small quantities has an effect 
similar to other alkaloids (morphine, strychnine and cocaine) The 
commonly alleged soothing effects of smoking tobacco are due primarily 
to the nicotine A number of carefully controlled studies indicate that 
smoking gives rise to the following reactions in the organism, largely 
through stimulation of the autonomic nervous ganglia an increase m 
pulse rate, especially noticeable when one smokes before breakfast, an 
initial rise in systolic blood pressure, followed by a fall immediately after 
the smoking period, which may account for the dizziness often noticed 
by the inexperienced smokers, constriction of the blood vessels, particu 
larly m the periphery of the body, a slight impairment in keenness of 
vision — since the eye is the most sensitive of the special senses, these 
effects are manifested in visual functions mote readily than in hearing, 
inhibition of digestive movements of the stomach — it is from this effect 
that the smoker may temporarily allay his hunger, effects on the surfaces 
of the lungs, which give rise to breathlessness on exertion There is 
some evidence that the carbon monoxide from smoking affects pilots 
adversely, although the amounts are small they are believed by many to 
be damaging at high altitudes and relatively innocuous at sea level 
During World War I, a series of studies was carried out on aviators 
relative to the effects of smoking” The results indicated that m 75 per 
cent a single cigar or the inhalation of one or two cigarettes had definite 
though temporary effects on vision and caused an increase m pulse rate 
and a rise in blood pressure The visual effects were manifested m 
terms of reduced visual acuity and ocular muscle balance Only a few 
nonsmokers were studied In these cases, some giddiness occurred at 
eighteen to twenty minutes from the start, and was accompanied by 
slight nausea 

It is therefore obvious that excessive smoking has a detrimental effect 
on the pilot s acclimatization to high altitude It tends progressively to 
lower his ceiling, just as it would impair his performance in a track 
or crew race at sea level, owing to the unknown effects on the lungs and 
circulation It also impairs his digestive processes and the assimilation 
of food The airman is warned against smoking before breakfast and 
against the excessive inhalation of agacette smoke at all times 

Effects of Noise and Vibration and Other Variables in the Cockpit 

Certain variables in the cockpit of an airplane are contributing 
factors to pilot fatigue These effects are less extreme in modern civil 
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aircraft than in military planes. It should be kept in mind, however, 
that the noise and vibration in the cockpit are much greater than those 
in the passenger compartments of most civil aircraft.®* Unfortunately, 
there are few controlled studies dealing with the effects of noise and 
vibration in aircraft on pilot performance and fatigue. Many pilots 
believe that these are significant factors, especially in flights of extended 
duration. A number of fatiguing influences that should be carefully 
controlled are as follows: the pilots* seats should be free of vibration 
and located conveniently near the controls and instruments; the navi- 
gating tables should be cushioned, to pre^’ent excessive vibration; the 
cockpit should be well illuminated at night; radium paints should be 
eliminated on the dials because of the possibility of noxious effects 
from the radium; metal surfaces, which give rise to glare, should be 
eliminated; attempts should be miide to reduce the static in the ear- 
phones; and the ventilation and temperature should be well controlled, 
to avoid extremes. All these variables may contribute to pilot fatigue 
individually or collectively. The flight surgeon should study ever)’ 
factor that affects the health or efficiency of the pilot. Most of these 
adverse conditions can be corrected by aeronautical engineers. 

Experimental Sliidies in Tran«»Pacif»c Flights 

A study of fatigue in transoceanic airmen was carried out on a routine 
flight of the Pan American clipper between Alameda, California, and 
Manila, Philippine Islands, and return, to analyze the fatiguing effects 
of prolonged flights at altitudes averaging 9^60 feet on 17 airmen and 
11 passengers.*® The total flying distance of 14,141 nautical miles in- 
volved one hundred and twenty-two and one-half hours in the air. A 
series of physiologic, biochemical and psychologic studies were made 
at the various island stations. The following conclusions may be drawn 
from the data obtained on these airmen and passengers: 

The subjects, both airmen and passengers, maintained a high degree 
of neurocirculatory efficiency through the flight, as judged by the indi- 
vidual items and composite score of the Schneider index. When the test 
was given in the basal state, — that is, before ascent, — none of the airmen 
tested below +7, a score frequently related to a significant degree of 
fatigue or unfitness in aviators. Of one hundred and forty-two tests in 
the basal state, only 8 subjects tested below -f 10, the average being 4-13. 
which is close to the mean of +14.8 for college athletes. The average 
basal state (fifty-four tests) was +11.5, only three tests falling below 
+7 throughout the flight. The mean srore for the group at high altitude 
was +10.8. In a total of nmetj’^-six tests given at a mean altitude of 
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9500 feet oaly four fell belovb +7 

There appeared to be a general tendency toward low blood pressure 
as the flight progressed that was sundar to the blood pressure observed 
m acclimatized workmen at high altitudes m the Andes Six of the 8 
airmen (the mean age for the group was thirty two years) had systolic 
blood pressures below 110 The initial response to altitude usually 
showed an increase in pulse rate and an increase in systolic blood pres 
sure followed by a w ell controlled fall to normal values if the subject 
remained at rest 

As the flight progressed the pulse rate tended to show a greater 
increase after exercise and to take longer to return to normal As might 
be anticipated this was also true at high altitudes 

There was a consistent decrease in the Schneider indexes m Manila 
This was related to the increased pulse rate caused by the high humidity 
and temperature of that region After the subjects rested two days in 
Manila and slept in air conditioned quarters there was an improvement 
m the Schneider indexes After a rest period of one week in Honolulu 
there was a slight decrease in the mean Schneider index for the 8 airmen 
There was a tendency toward polyuria in these airmen as commonly 
observed in athletes previous to competition particularly in those who 
shared the greatest responsibdity m handling the ship As the flight 
progressed and the airmen became acclimatized the polyuria diminished 
The partial pressure of oxygen and carbon dioxide in the alveolar air 
and arterial blood of these airmen was similar to values considered 
normal for acclimatized men at similar altitudes and suggested that the 
added burden of flying the ship had no impairmg effect on the respiratory 
mechanism The alveolar partial pressure of oxygen in the acclimatized 
airmen averaged 4 8 mm higher than in unacclimatized passengers dur 
ing rapid ascents to similar altitudes 

There was an increase of approximately 10 per cent m the red cell 
counts at high altitudes After five or six days at sea level the counts 
returned to more normal values in 9 of the 11 airmen Even after 
eleven days at sea level however 2 subjects had counts of l6 per cent and 
18 per cent above the usually accepted value of 5 000 000 for men at sea 
level this suggested a more stable acclimatization in these men 

The normal nonprotem nitrogen blood sugar and cholesterol values 
suggest that there was no serious upset of the protein carbohydrate or 
fat metabolism of these airmen The normal values for blood sugar indi 
cate that there was no intense emotional excitement and increased secre 
tion of adrenaline durmg flight 

There were only slight alterabons in the visual and mental tests which 
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consisted primarily of measures of (Quickness of reaction time for meaning- 
ful material, close attention to detail and memory. The tests were given 
at 10,000 to 12,000 feet, and compared with sea-level norms. 

In general, the conclusion may be drawn from this investigation 
that the 17 airmen studied during typical trans-Pacific operations be- 
came acclimatized to the high altitude and maintained a high degree of 
mental and physical efficiency throughout the flight. The 11 passengers 
of average age and fitness studied, although not manifesting the same 
degree of acclimatization as the airmen, showed no objective signs of 
fatigue or physical distress. 


Summary 

In this discussion of fatigue in aviation, an attempt is made to analyze 
some of the more important contributing factors to pilot fatigue. It is 
shown how the attempts to locate fatigue in certain tissues or organs 
have not proved to be very revealing in solving practical problems related 
to subjective fatigue and exhaustion. Likewise, the seardi for a fatigue 
toxin, such as lactic acid, has brought to light many significant variables 
related to fatigue, but the relations have been more restricted than was 
at first expected. Furthermore, it is shown that a pilot whose muscular 
activity in flight is limited could hardly exhaust the energy reserves suffi- 
ciently to explain the fatigue and exhaustion often observed in airmen. 
The essential variables in the phenomena of acute or chronic pilot 
fatigue and exhaustion are ascribed to psychologic factors such as emo- 
tional stress, regardless of whether it is related to adverse flying condi- 
tions, fear of accidents, economic and social insecurity, and unhappy 
marital adjustments. The major portion of the discussion is related to 
an analysis of certain contributing factors in pilot fatigue, especially lack 
of exercise,- the reduced tension of oxygen encountered while in flight 
at high altitudes, the poor selection of food and the excessive use of 
alcohol and tobacco. Also, certain physical variables in the cockpits of 
airplanes are discussed as other contributing factors to fatigue, such as 
noise, vibration, poor illumination, glare, static from the radio and poor 
regulation of the ventilation and the temperature. Finally, the results 
obtained in a study of transoceanic airmen are analyzed to show the 
effects of long flights at moderately high altitudes. 
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SUDDEN COMPUESSION INJURIES OF THE ABDOJIEN 
AT SEA 

By N. P. BREDEN, M.B.. B.S. 
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Major, K.AJt.C., Pathologist 

}n contrast to the extensive literature on blast injuries of the lung, 
reports on the effect of sudden compression of the abdomen are few 
and brief. It has been recognized in this, as it was in the last war, that 
compression or suction waves set up by the detonation of high explo- 
sives on land or at sea cause, among other lesions, bleeding into the 
lungs and abdominal viscera. Atkins (19^0) describes the cases of 
three patients, injured by depth-charge explosions while they svere swim- 
ming, who came under his care suffering from peritonitis after the 
Dunkirk evacuation. All were operated upon: one had a perforation 
of the ileum three inches above the caecum; the second had a similar 
lesion in the first part of the ascending colon; while the third showed 
multiple petechial haemorrhages with oedema in the walls of the intes- 
tines but no perforation. The third of these died, but the first two, after 
suture of the perforations, survived. Atkins says that prognosis in these 
injuries is usually bad because of associated lacerations of the brain and 
lungs. Gordon-Taylor (1940) has noted bowel rupture without breads 
of the skin in shipwrecked men injured fay depth-charge detonations. 
He believes that organisms permeating a contused colon may be the 
cause of an abscess or even a faecal fistula. Below we record two such 
abscesses, one pelvic and the other subphrenic, which may have been 
due to this cause. Gordon-Taylor also describes a group of patients who 
suffered from severe melaena but recovered without serious complica- 
tions. We record the cases of seven such patients who developed vary- 
ing degrees of haematemesrs and who all recovered. Wakeley (1941) 
also has noted compression injuries in sailors. 

Clinical Features 

The case histories fall into three groups: (A) obvious abdominal 
injuries that recover completely without operation; (B) severe injuries, 
such as lacerations, disclosed at operation; and (C) late complications, 
such as abscess formation. 
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It IS clear that immediate fatalities are numerous, but we have no 
data regarding these This report deals with survivors from a convo) 
attacked by submarines, and all were rescued by small ships, in which 
immediate operations such as laparotomy Here not possible We have 
nothing new to add to the well known principles which enable the 
surgeon to decide whether he should operate or not in recent abdominal 
injuries The happy fact is that, out of ten survivors seen, none reco\ 
ered without immediate operations, though grave symptoms such as 
shock haematemesis melaena, and pyrexia were present in most 

Croup A 

Haematemeeie; Melaena; Abdominal Pam; Complete Recovery in 
Seven Patients 

The cUmcal features were so Similar in all the cases of this group 
that the description of only one case is given 

Case 1 — The patient an Allied naval officer aged 27, was swimming in the 
sea after his ship had been ton>edoed when depth charges from the sinking 
vessel which was thirty yards away, detonated on sliding into the water He 
felt a ‘‘sudden electric shock” but did not lose consciousness, and reached a 
raft He was rescued by a small naval ship and walked to a cabin unaided 
Within an hour of the explosion he vomited a good deal of blood and developed 
hiccup and much abdominal pain When examined by a surgeon lieutenant who 
had been put on board the lower abdomen was found to be rigid and tender 
The patient was treated with morphine and was allowed fluids He complained 
of a good deal of pain m both testicles The next day he required catheterisa 
tion, but there was no blood in the urine Throughout the day he had diarrhoea, 
with obvious blood in the stools 

Three days later he was pul ashore He was pale and exhausted, his 
temperature was 99* and his pulse 100 The abdomen was tender, espeaally 
in the left epigastrium but there was no true rigidity, there was a moderate 
generalized distention and no evidence of free fluid or loss of liver dullness He 
vomited twice in the first twenty four hours, and diarrhoea with melaena con 
tinned for two days The unne was free from Wood The Wood count and 
haemoglobin were normal Fluids only by mouth, together with tinct, opii, 
iDiV.v., WWW. •gyvi. fna *b7iKt ituyb, nih«n» Vinj iinh. 'was gra&ua’fiy 'ouffc up 
Four days after admission there was still tenderness but the tender areas 
varied, sometimes being in the left and sometimes in the right epigastrium, 
occult blood was present in the faeces He suffered a good deal of pain in the 
lower part of both sides of the chest and had a little sputum, but there were no 
notable physical signs, and a chest radiograph taken four days after admission 
showed no pathological features A slow recovery, uneventful except for a 
daily pyrexia of 99' to 100 5* for ten days followed 

In the other six patients of this group the clinical symptoms were 
\ery similar, though of varying degrees of seventy Two other patients 
complained of severe bilateral testicular pain No patient had blood in 
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the urine, and the testicular pain was probably due to compression and 
not to referred pah. 

Group D 

Laceration of llcumj PCTitonitis; Compression Injuries of Lungs; 

Laparotomy and Suture of Perforation; 

Ellicr Convulsions; Death 

Case 2. — A lieutenant of the R.N.V.R. ajred 26 sustained injuries when a 
torpedo struck his ship. He was trapped in a compartment flooded with oil, 
and was rescued from the water within an hour of the explosion. He was able 
to walk to a cabin though suffering from severe \'omiting. When seen by a 
surgeon lieutenant four hours after the sinking the pulse was 80 and the 
temperature 100* j he complained of abdominal pain with tenderness in the right 
iliac fossa. Twelve hours later the pulse was 96 and the temperature 103", and 
he coughed a good deal. He was unable to pass urine, and had severe pain 
in both testicles. Twenty-four hours after the attack on the ship he was rest- 
less, the pulse was 120, he passed blood and mucus per rectum, and coughed up 
some darkly stained frothy mucus that contained fuel oil. At this time he was 
in a corvette actively engaged against the enemy, and laparotomy was quite 
impracticable. Thirty-eight hours after being torpedoed he was put ashore with 
the diagnosis of "possible rupture of a viscus or subperltoneal haemorrhage." 
On admission to the hospital he was restless and exhausted, with a temperature 
of 101* and a pulse of 110, The abdomen was not rigid, but there was consider- 
able tenderness in the right iliac fossa. He was also dyspnoeic. Immediate 
operation was considered inadvisable because of the patient's poor general 
condition and the uncertainty of the diagnosis. Resuscitation measures included 
morphine, a pint of plasma, and 1% pints of saline and glucose given Intra- 
venously throughout the night. A considerable improvement followed, but fifty 
hours after the torpedoing he presented unmistakable signs of spreading peri- 
tonitis in the lower abdomen, and operation could not be deferred. The blood 
picture was normal and the haemoglobin 90^; there was no blood in the urine. 
The stomach was washed out and the tube left in place while intratracheal gas, 
oxygen, and ether were administered (Major T. H. Hobbes, H.A.M.C.). Laparo- 
tomy disclosed 8 small tear in the Ileum, about three feet above the caecum, 
which was closed by Lembert suture. There was a gross distension of the intes- 
tines, and early general peritonitis with reddening of the peritoneum and exudate 
was seen. Many haemorrhages were found in the subperltoneal tissues. As 
the peritoneum was being opened ether convulsions developed; these were checked 
by intravenous sodium pentothal (0.5 gramme). On return to the ward the 
breathing was laboured and much frothy sputum was expectorated, anti he died 
4V^ hours later, oxygen being given continually. A detailed necropsy account 
(see below) reported the presence of “pulmonary concussion.” 

Group C 

CompIicalionB Developing Some Daj-a After Original Injuries 
This group induces the cases of two sailors who survived what were 
severe original compression injuries, treated by conservative measures, 
but who developed localized abscesses which tvere treated successfully 
by drainage. 
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CAsr 3 /llxfomirflf Coti»i<rri»ton /V/rK" Tf*turultf' 

r.,n -?hH ;«Uent an A l/ a.cl .r InJurM »J 
^shilc .n the «Btcr Ho «a. n three .!■*>. Utor In r-xl 

but %Mth much (rinornlit.a nMnmlmil pain acc.nmniH h) connime UIow Wio 
umbilicu-. Temroratur, 100 poW Of lufore a«!mlMlnn ho ha4 haJ enn*l.lor. 
able hacmnlcmo... Kit conMl|atod. an efloma Mortlj nflor arfmiYi^n 

moUU 4 a Rood result an 1 nltiM.l the nl«l mlnal rain lie had r" « ‘n l«th 
usUclcs ami th<- faeces contnlnwl occult and iresh I 1 (wh 1 lli* ronoral mn litmn 
impro\e(l but the lower abdominal pnin iktsUUsI until the ninth «la> after 
•ulmission when he pa-sul mucus A rectal examination rtwr-ilcl a tender 
non fluctuant mn«s in the rectum A pehlc bIhccm ws* diacnt>se*l, thi« wan 
opened throuRh the rectal wall two ilajs later, when U was soft and fluctuant 
Complete relief of ajmploms followtd ani th patient made an uninterrupted 


recovery 

Salient features of the case are (H the cradual desflopmcnl of the ab«cess 
without alarmiOR 'imptoms fil) At no time wax there esid nee of a eerious 
intrnpcritoncnl catastrophe, the pol«c was olwn>* urwltr IW, an 1 the tempera 
ture was neser over 100* nor dit nb<lomlna1 nirlility desclop (ill) The total 
white Wood cell count never ixceedwl 14000 f»\V Th\ te ticular pain (v) U is 
impossible to know whether the abscess followeil a xmall rupture or was line to 
inrmeation of orRnnisms throuRh n bruise*! aeement of intestine 

CAsr 4 CouiprcdtioH ln)"rt<a //flcnafcmesM n«<f Ifclneno I’lght I'oftenor 
Siibphrtme AbtttiB Dmiii<tge, Right I’golhttrax, Interontn! Drninagt, Rtb Vt» 
section, Pfcoverv—This patient an A B oRed 20, was admitted on the 
same day and from the same incident as the precedinR patient. For three daya 
at sea he had had persistent somiUnR and haemateniesis, with diarrhoea and 
blood in the stools His Rcneral condition was poor, beinR decidedly worse than 
that of his colleaRue and he could retain only Iceil water by mouth AMomlnat 
pain was general but no arcs of local tenderness or neidity exlstwl, there 
was no general distension and no loss of liver dullness The pu1*e rate never 
exceeded 90 and there was no indication for laparotomy , ainec the tondilion 
was improving rather than deterioratinR when he was seen on the third day 
Two days later all vomiting had ceased, but diarrhoea fontinucil, with blood in 
the state>caloured stools The abdominal pain and tenderness had decreased 
Six days after admission the tempentore, which had been in the region of 99', 
began to rise and nine days after admmion it reached 102*, with a puUe of 90 
The white blood cell count was 2»h00 Tenderness was present oicf the liver 
area and dullness and impairment of breath sounds were detected at the right 
base A radiograph showed a raised right diaphragm and there was an abscess 
cavity with a fluid level (Mayor W N Brown BAMC) hrom this abscess 
foul pus was obtained by needfe Bacteriological examination showed a mixed 
infection from which non haemolytic streptococci were isolated Under general 
intratracheal anaesthesia (Mayor E Fowler R A M C ) a portion of the ninth 
rib was resected posteriorly, the diaphragmatic and parietal pleura were 
adherent and transdiaphragmatic drainage of a large abscess was instituted 
The abscess drained well but the temperature persisted and physical signs and 
ladiology disclosed a large pleural effusion six days after the first operation 
Twenty ounces of thin foul pus was extracted by Potain’s apparatus and the 
next day an intercostal drainage was esUWished as a tension pneumothorax, 
the result of gas formation had developed His condition which had been 
grave improved steadily Five days after the operation a pint of blood was 
given and three days later better drainage was effected Under intratracheal 
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gas-and-oxycen (3fajor E. Fowler) a portion of the seventh rib was resected 
posteriorly and dosed drainage into water-sealed bottle through a Tudor 
Edwards tube was carried out The temperature slowly subsided, and eight 
days afterwards was normal. The general condition improved and the patient 
developed a voracious appetite. At the time of writing a tube is still in the 
cavity and the lung is re-expanding satisfactorily. 

Salient features of this case are (i) the initial symptoms and the absence 
of signs pointing to definite visceral rupture, (ii) The slow development of a 
subphrenic abscess in a patient in a high Fowler position throughout; this sug- 
gests a small laceration or severe eontusion of the stomach, duodenum, colon, 
or liver, (iil) The development of a large pyothorax with gas formation suffi- 
cient to cause a tension pneumothorax, and its satisfactory relief by drainage. 

Pathology of Smhlcn Abdominal Compression 

Lacerations do occur, but in many survivors the main feature is sub- 
peritoneal haematomata. The following necropsy report is given because 
is represents a picture of a severe case in which lung "Mast” coexisted. 
It must be realized that in the other nine patients in this series the clinical 
feature of pulmonac)' concussion was not present, and it is probable that 
in "blast” injuries at sea the abdomen is affected more than the chest, 
and in this way contrasts with the picture seen in the Mast injuries of 
air-raid casualties. In this respect it is important to note that the report 
given below refers to a patient damaged by torpedo explosion while he 
was in an enclosed space and not to a sailor injured by depth charges 
as he was swimming. The casualty in the water may well escape pulmon- 
ary concussion because the concussion wave acts chieHy on the abdomen. 
The presence of testicular pain in so many survivors is noteworthy in 
this connexion and is probably due to a direct underwater compression. 
The absence of external bruising in any patient of this series is striking. 

Post-mortem Pindbigs in Case S, the Only Fatal Case 
i?x<emat Appeawnce of the Body . — A well-built man. There were no 
cutaneous or subcutaneous haemorrhages and no superficial abrasions. The 
recent abdominal surgical incision was healthy. 

Thorax. The pleural cavities were normal and did not contain free liquid. 

There were no haemorrhages in the parietal pleura, but small petechiae were 
numerous on the surfaces of the lower lobes of both lungs, especially the right. 
The trachea and bronchi were filled with frothy blood-stained mucus. The 
lungs were engorged and oedematous. There were many small haemorrhages, 
which were noticed only after fixation of a portion of the lung tissue. The heart 
and pericardium were normal and did not show any evident of blast injury. 

Abdomen. ^The peritoneal cavity contained about a pint of biood-stairwd 

turbid fluid, and there was an acute diffuse fibrinopurulent peritonitis, ^o 
haemorrhages were present in the parietal peritoneum, but the viscera , 
eially that covering the distal loops of the small intestine, was studded wnth 
small haemorrhages, most of which were about 0.6 cm, in diameter. ey wre 
more numerous in the right side of the abdomen than on the left, and were par- 
ticularly prominent along the line of attachment of the mesentery. There was 
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an extensive exttavasatien of blood m the loose f ssue in f 

hesatie fiexviie et the colon The solid viscera were all undamaged The stomach 
was engorged and showed pin point haemorrhages on its inner surface Th 
duodenum was normal Starting from a point eight to ten feet from the duodeno- 
jejunal flexure and extending to the lower end of the sigmoid colon where many 
submucous haemorrhages similar in size to those visible on the peritoneal sur- 
face They were most striking and numerous towards the distal end of the 
small intestine, where there was a perforation about three feet from the ileo- 
caecal valve The degree of haemorrhage around the perforation was not 
enough to suggest that the latter had resulted from the weakening of the intes- 
tinal wall by an extravasation of blood In the colon many of the haemorrhages 
were more diffuse, and over a particularly extensive one the mucosa had ulcer 
ated 


(7 JV S —The brain was examined and found to be healthy 

During the course of the necropsy the abdominal wall was examined for 


intramuscular haemorrhages but none was found 

Histolagieal preparations were made from the lungs and small intestines 
In the lung were found scattered intra alveolar haemorrhages and oedema, sep- 
arated by patches of normal tissue and areas of congestion with haemorrhage 
limited by the alveolar walls In the oedematous patches there were many carbon 
particles and scftne basophilic debna Many macrophages were present dealing 
with these foreign bodies which were attributed to the inhalation of sea water 
and fuel oil Sections of the ileum showed the haemorrhages to be most severe 
m the submucous and subperitoneal layers of the intestines, but haemorrhages 
into the muscle layer were also observed The sections shewed that the haemor- 
rhages were more diffuse than was expected from the naked eye appearance of 
the gut At the site of the perforation there was haemorrhage into the adjoining 
tissue, but not a great deal 


Diseusiion on the Post-mortem Findings 
The patient suffered fcotn ether convulsions during the laparotomy, and 
at the time of his immersion m the sea he inhaled sea-water, so we must attri- 
bute the oedema and congestion of the lungs to these, but the haemorrhages 
were similar to those which we learnt to associate with bomb blast and which 
have been described a number of tunes in the literature 

There have been descriptions in the literature of abdominal injuries as the 
result of explosions at sea under circumstances similar to those in this instance 
The interest of this case is that, when the above post-mortem findings are borne 
m mind, we can trace the course of events in the other patients of this senes 
who recovered 


Note on Examination of Fi.h Killed by Deplh CItarges 
No experiments were earned out to study injuries produced tn mam 
mals by underwater blast, but three fishes killed by deplh charges were 
examined Two of them did not show any naked eye injuries either m 
the body cavity or m the brain, but one had an extensive extravasation 
of blood m the posterior part of the coelom We are indebted to Surgeon 
Commander Button, RN, and Surgeon Lieut Commander Carleton, 
R N , for obtaining these specimens for us 
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Suiumary 

recovered after drainage of a pe patient died 

of a subphrenic abscess intestine; the post-mortem 

after an operation for „ the abdominal injuries 

results ate described m detail. nine patients 

Hast effects in the lung were seen. ^^nm a 

were there symptoms or signs oi 

little haemoptysis in one. „,dden compression were not severe. 

The immediate *" *= 

The presenting symptonu tterable testicular pain in four cases, 
diarrhoea with melaena, and a^direct compression 

S-XiSS ”j .cx ™. p- '« 

AS none of the patients were np„ar5on. In the one 

difficult to assess the . j^n „( a spreading peritonitis ed to a 

£:XKt".X r s— •< — 

xx rx'xt-x - p-i- — • 

demanding immediate given at sea to these 

We must record “ Vr . and Surgeon Lent R. Aston 

Surgeon Lieut. J. B ^ „ade under great 

R.N.V.R., and thank them for their accu 

difficulties. 
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the recognition and first aid treatment 

OF “GAS CASUALTIES” 

In this chapter an attempt is made to indicate and deal with the 
difficulties of Medical Officers to whom gas casualties are sent for 
treatment The proper treatment of such cases demands a correct 
diagnosis of the condition from whidi they are suffering In order to 
avoid men being sent back to duty when they are m the quiescent period 
which may follow even severe gassing with a lethal gas such as phosgene, 
and also to pre%ent the evacuation as casualties of those suffering merely 
temporary discomfort from lachrymatory or sensory irritant gases, it is 
absolutely essential that all Medical Officers should be familiar with the 
symptomatology of gas poisoning 

It is also of the first importance that, when gas is used by the enemy, 
the fullest and earliest information possible be given by the military 
authorities to medical units, not only to facilitate the correct diagnosis 
of individual cases, but also to permit of arrangements for their recep 
tion being made on an adequate scale 

Turther, in order that men only temporarily distressed by a harmless 
gas should not be sent unnecessarily to medical units, it is equally im 
portant that all officers commanduvg troops in the field should he 
familiar with the various types of war gases 

Ilietof7 of llie Ca<e 

The patient wiU generally be able to give a definite history of 
exposure to gas and to describe the smell of the gas and his mitial and 
subsequent symptoms 

If the patient is unconscious a history of the man s exposure obtained 
from others will help in deciding whether his condition is due to gas 
and which gas is implicated In both cases the Medical Officer s ques 
tions should be directed on the following, lines 

(1) Under what conditions did exposure to the gas take place’ 

(eg position in the field whether exercising actively or at 
rest, w hether in the open or m a dug out, etc ) 

(2) What did the gas smell like’ 

(5) For how long (minutes or hours) was the gas breathed’ 

(4) What effects did it produce at the time’ 

(5) Did symptoms persist after adjustment of the gasmask’ 

(6) What symptoms appeared later’ 

(7) What period of time has claimed since gassing hours or days’ 
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The sisnificance of the replies to these questions will now be con- 
sidered, and the various types of gases will be dealt with in turn. 

Mustard Gas Vapor: Diagnosis 

The symptoms of a casualty from mustard gas vapor wUl vary ac- 
coring to the concentration of the gas and the duration of exposum^ 
Th! characteristic symptoms are: conjunctivitis, laryngitis, and 

bhould “ “P” sensitive regions may have 

even vesication ot me SKin m uit. 

occurred without damage to the eyes or elothing 

The immediate treatment of such cases is ™ 

which is impregnated with the vapour °£ 
of such clothing will greatly aggravate the severity of skin 

Lewisite and Other Arsenicai Vesicant Vapors, Diagnosis 

Lewisite vapour will '[heh'msphaW rs' damage 

and personnel so «P°^ 'High concentrations will cause skin 

to the eyes ot lungs can occur. g Treatment is on the 

burning in personnel protected by the respirator. 

same lines as for mustard gas. Lewisite vapour will, unlike 

The clothing of ^^fg^erairy hive a ^strong unpleasant 

clothing worn in mustard gas F • S ^ removed as early as 

smell. Clothing smelling of Lewisite snou 

possible. 

Liipiid Mustard Gas and Other Vesicant Liquids: 

The Medical Services are not until such time as 

not for the treatment of pcrsonne ^gich require treatment, 

they have sustained skin or eye in) greatly in degree, from 

Contamination by liquid ” X,Hc7until skin burns appear, 

a few drops, which may teadi y ^ P ipw-altitude spray attack, or 
to a thorough drenching him ^ 

from being in close proximity t gross con- 

The immediate treatment yriit immediately after 

tamination should have been decontamination of the 

contamination, viz. removal o 
areas of skin affected. 

Lung Irrirnn. Gaswi Diagnosis 

Cases of all degrees of severity may occur, and someti 
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gassing The treatment consists of a brief period of rest coupled with 
the assurance that recovery will be rapid and complete 
Cnriion Montmdc: Diagnosis 

The recognition b> a Medical Officer of cases of carbon monoxide 
poisoning m war time should not be difficult if he be familiar with 
the possible sources of such poisoning and if he can obtain a history of 
the circumstances in which the condition occurred 

In the milder cases the symptoms are headache, giddiness, brcatli- 
lessness on exertion, weakness of the legs and inco ordination of move 
ment, mental irritability or confusion In the severer cases unconscious 
ness will be profound A blood examination may help to decide the 
diagnosis 

The immediate treatment should be — removal to fresh air, the 
administration of oxygen containing 5 7 per cent of carbon dioxide 
(if the apparatus is available), coupled with artificial respiration if the 
breathing shows signs of failure Care should be taken to keep the 
patient at rest and warm, and to prevent him from accidentally injuring 
himself whilst mentally confused 

NUroue Fumes: Diagnosis 

The recognition of cases of poisoning by these gases presents many 
difficulties in the early stages owing to the insidious nature of the onset 
The incomplete detonation of a charge m a mining gallery or the 
breathing of the vapour arising from the spilling of nitric acid on a 
wooden floor may evoke a little coughing which soon subsides, hours 
later, however, cedema of the lungs may follow and prove fatal 

The recognition of sudi potential casualties must to a large extent 
depend on the history of exposure, when such a history is established, 
the treatment must, as m the case of phosgene gassing, be largely that of 
watchful anticipation for a period of at least 24 hours In the mean 
time, complete rest is imperative, and if pulmonary cedema should 
develop its recognition and treatment follow closely the lines already 
laid down for cases of phosgene gassing 

Screening Smokes: Diagnosis 

These smokes are harmless in the oancentrations which form effective 
screens, and casualties do not therefore occur except m the case of men 
who may come m contact with the compounds before they have been 
dissipated in the form of smoke The first aid treatment required for 
such accidents depends on the nature of the chemical employed 
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The Recognition nnd First Aid Treatment of "Gas Casualties" 
Phosphorus is solid, and burning fragments on the skin or clothing 
must be put out at once by immersion in water or envelopment in cloths 
soaked in water. Other smoke producing compounds are generally 
liquids of a strongly corrosive add nature. The first aid treatment for 
personnel splashed by these agents is the same as that required for per- 
sons who have been contaminated with any acid, namely, the rapid 
removal of the soiled clothing and the flooding of contaminated skin 
areas with water. 

For the prevention of accidents to those engaged in handling these 
compounds the wearing of oilskin clothing and a respirator or goggles 
is recommended. 
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THE NUTRITION OF THE SOLDIER 

By LIEUTENANT COLONEL MILTON H EPSTEIN 
Sanitary Reserve U S Army 

While the soldiers official intake is via the army ration, and its 
discussion would therefore seem to be the logical beginning to any 
presentation of the subject of military nutrition, it will be omitted here 
Recognizing, then, a larger aspect of the problem of caring for the 
metabolic and protective needs of the human organism (for it is, of 
course, clear that the major objective in the army does not differ from 
that m civil life), it must be said that evidences of dietary deficiencies 
may occur whenever a pronounced unbalance in the intake has persisted 
for a considerable time Though admittedly seemingly impossible of 
accomplishment (most soldiers think they are being starved unless they 
are being fed meat and potatoes three times a day) , every effort should 
be made to have them consume a balanced diet Made up two thirds 
(by weight) of carbohydrates, one sixth of proteins and one sixth of 
fats, the first named component should consist largely of the 'protective 
foods (leafy vegetables fruits and milk) The importance of bulk 
must be recognized here Clear soups, coffee and tea leave practically 
no residue, eggs, meat, fish and proteins generally, little Bulk must 
be supplied through whole gram cereals, fruits, and especially the vege 
tables that are rich m cellulose 

This IS a colitis ridden nation due largely to the fad of eating m 
their raw state fruits and vegetables that require cooking to make them 
fit for human consumption After all, the application of heat to foods 
represents the most important difference between the eating habits of 
man and animal This applies not only to starches, but to many proteins 
as well Fish should be thoroughly cooked to guard against worm infes 
tation, pork likewise, to render the trichine organism harmless 

The most effective utilization of the proteins in lamb, however, is 
oiitriTTCu' when if remains sfigfitfy rare, and the same holds true for 
beef Soldiers are, as already mentioned, ordinarily great meat eaters 
Tliej do not ha\e to be coaxed But quality as well as quantity is im 
portant here, as certain of the essential ammo acids are not manufac 
tured S)nthetically in the body 

Until reccnti}, milk, a food that authorities on nutrition have long 
recognized as the classic perfection for growing children, was considered 
to be of doubtful value for adults, repeated tests having shown that 
only a small per cent of men and women (somewhere around 15) 
were able to digest it properly and without discomfort If this is because 
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the albumen is "bulTered - (that is, held away from *= 

insurmountable one. But furnishing 

“hh elemTnt'’rLcesroT Wy requirements 

the incidence of the degenerath. drseases ™ , 

by calcification of tissue. Wc feel now. Mood calcium to the 

practical danger; milk may well raise it is due 

normal, but any excess is not store • , ^ of 

to some organic malfunction in the individual and not 

itself. . . histotv' when soldiers 

As for the fats, there was a time in ) ^ 

were plied with fat foods whenever aval ji^est this component 

thought. The greater length of time '«!«. ed undesirability . 

kept the soldier from getting been recognized, 

of such delayed emptying has, of . I j,ew army 

In this connection I was interested to note eouiponent, or 

hospitals recently that the mess P'<>y' p ,bermore, the caloric intake 
twice the generally recommended 1 . ^ jest, 

there was about 3,700, which is o 1 j temperate climate 
An average man of moderate ac .v.q- P jbe field or 

should consume about 2,500 calor p . ^ 5 qOQ; carrying a full 

doing active outdoor work require rom , ^ p OOO 

pack from 6,500 to 8.000. In coW " th« mj , e 

or even 10,000, made up of mind that fat is fh<^ 

proportion previously suggested, ^ , 

variable to meet different climatic con i i Southern California 

Such menus as I have recently s':™ provision exists for 

provide 4,500 to 5,000 calottes per day b ^ and food 

the appraisal of the caloric value of j°s on actual consump- 

refused by the soldier, we have no accurate ng 

‘“"Even though the fact is Senerally. k-w" I -St ^mjrio"^,, 
as a routine matter, that there are no mcompatibl ,j. 

1 r 


as a routine matter, mat r J^'^rtain individuals 

or other idiosyncrasy alone accounts binations. That is 

vqely affected ingredta medi- 


versely affected after eating ingredients, and not m 

they are allergic to one or mote of o jbjjature of modem 

of their mixture. Nothing in the demonstrated any rnter 

cine even suggests that there has even j barmfuk ®' 

between fool that makes any food combination 
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course, that the separate foods themselves are fresh and sound 

In recent years there has been an addition to the American dietar)' 
which 1 must mention because of its possible ultimate importance to our 
country in a military sense, it being already freely utilized in the 
nutrition of certain foreign armies This is the soy bean It may be 
prepared in many palatable ways, is highly digestible, and is a first class 
all round food containing 20 per cent fat, 20 per cent carbohydrate 
and 36^ per cent protein of a form closely resembling animal protein 
First grown commercially in the Umted States in 1924, it is true that 
production has only doubled m the intervening 17 years, but it is a 
foodstuff that has most interesting possibilities 

There is yet another form of ' balance in the diet that must be 
mentioned, even though it attracted much mote attention a few years 
ago than now, and that is the relative proportion of acid ash and alkaline 
ash producing foods in the intake Seldom does one now hear the 
once common admonition to eat an orange for every egg and to drink 
a half a glass of milk for every slice of bread eaten When I was last 
abroad, ordinarily cautious European scientists were accepting the con 
elusions of certain well publicized American enthusiasts in this field 
without question, because the intervening theory seemed sound In the 
field of experimental science, however, and particularly in the biologic 
division, logic IS no substitute for proof For example, the criticism is 
often made that the American dietary is too high m its ratio of acid 
ash producing food concentrates and carbohydrates, and too low in 
vitamins and bulk This indictment is undoubtedly deserved, but with 
reference to the acid ash producing food, it is quite inadequate to sub 
mit only the results obtained in experimental animals having a relatively 
short life span as final proof that the direct causes of many diseases in 
the human are traceable thereto 1 am referring, of course to the 
diseases encountered in middle life characterized by degeneration of the 
tissues 

In addition to the three components I have already referred to, 
the balanced diet must contain the requisite mineral salts and vitamins 
and enough water for the body metabolism As for the first named, 
sufficient quantities of sodium, potassium and magnesium are present 
in the customary food of the soldier just as they are in the dietary of 
the civilian and need not ordinarily be given special consideration 

One of the more pleasurable experiences for the nutritionist at army 
posts in recent years has been to see the great quantity of milk con 
sumed Obviously this takes care of calcium requirements Milk should 
be pasteurized for safety s sake the only nutritional disadvantage being 
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the destruction of Vitamin C thereby and some diminution in Vitamin 
B. Milk also contains Vitamins A, D and li, all m only moderate quan- 
tities however. 

For some reason the soldier dislikes fish, and ordinarily will no 
eat it. But the meat, eggs, oatmeal and some of the other foods that 
he likes and which are plentifully included in his customary intake are 
amply rich in phosphorous and sulphur. Iron deficiency is seldom met 
with in the common dietary. Wheat germ is the ri est ' own s u 
of the copper necessary for the assimilation of the iron. Copper is also 
found in appreciable quantities in peas, kidney eans aspatag , 
of course. mLt. In endemic colloid goitre areas the ^ “ “ 

the water and locally raised vegetables is taken cate o y 

“'The dangers that are believed to lurk in highly -essive vitamin 
intake exist, if at all, only in the ingestion of „£ 

this is (or should be) purely a therapeutic measure, 
these dangers is outside the sco]^ of this j vegetables and 

With the easy availability, these days, of fresh tru , 
meats, the military’ nutritionist „;,hout danger of 

furnishing in their natural sources. 1 vitamin, with 

overdosage, adequate amounts of every . ,, j go not permit 

the possible exceVion of "D" in ^ “"^Sistmtion o” fish oils 
this vitamin to be synthesized in the bod). „tlv irradiation of 

or sufficient egg yolk is not practicable and “n yqu^tlyjrra 

milk or bread may have to be “"oj still fix arbitrarily upon 

To care for metabolic needs, many phy ^ ^1^ -pijere 

six to eight glasses of water to be drunk ai y. prescribed 

is too great a variation in individual require excessive in an- 

quantity’ may be wholly inadequate in one jj^posed on heart 

other that a completely unnecessary strain is i^l^jg guide to the 

and kidneys. While appetite is not always a p 
proper food intake, the tissues’ needs tor thirst, which 

individual, usually translated into an exactly consumption than is 

is, therefore a better guide to quantity in w ^ater intake 

any set amount. Another long standing t eory g^periments, scien- 

has had to go by the board recently. Exhaus^ ^^ter 


nas had to go by the board recently. previous bc- . 

tifically conducted, have shown that, handicapping digestion 

may be ingested before or during meals wi digestive juices o^s 

since, in the former instance, the dilution o ^ proceeds and 

"ot actually delay digestion, and m the lat & temperature of its 
the stomach empties just as rapidly as though the P 
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contents had not been temporarily lowered by the cold water intake. 

It IS exceedingly difficult to change the dietary habits of soldiers 
Put salads and fruits before them and, even though this be done because 
the day is sweltering hot, they will leave these foods untasted and fill 
up later at the post exchange on candy bars and peanuts, ice cream and 
soda pop In this way the soldier sometimes eats five or six "meals” 
a day, which disorganizes the regularity of his bowel movements and, 
by hastening them, prevents the maximum absorption of nutriment 
from his food 

I have ]ust commented on the soldier’s innate resistance to accepting 
certain highly desirable foods In concluding I want to mention the 
administrative difficulties in even exposing him to a proper diet As I 
military installation is now conducted, it is, in the last analysis, the mess 
sergeant who feeds the men Ordinarily he is himself one of the "meat, 
gravy and potato" boys, and his interest, and educational background 
are seldom such as to encourage efforts to train him along nutritional 
lines This problem is currently attracting attention in important circles 
and I hope to see the day when the feeding of the soldier will be strictly 
in accordance with the nutritional principles laid down by an expert 
with sufficient military tank to assure his recommendations being carried 
out. 
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LiQUcrAcrioN or solid rooDSTurrs rou Dii.is 

By MAJOR A A N'EUU IRTII 
J/cdical Corpt, V. S Armv 

The feeding of sick and comalcsccnt patients adc<juatcl> and cffcc 
tivelj has long been a problem for Uic ph)Sician The weakened diges 
ti\e functions of these patients demand a liquid or soft diet and this 
necessarily limits the number of foods available to them Essentially the 
difficulties have centered around the problem of breaking down comph 
cated carbohydrate and protein molecules, so that these foods become 
more readily absorbed and assimilated The patient is too weak to exert 
the necessary energy to masticate solid or semi solid foods properly and 
besides, his depleted enzymes cannot be depended upon to do their part 
in the breakdown function of the digestive process* The patient per 
force IS given a routine diet which soon becomes monotonous and is 
necessarily lacking in some essential elements 

It IS evident that if some mechanical aid was enlisted to get the food 
into a more assimilable form before it is ingested, the problem would 
be nearer solution \Vith this end in view, we have been using a colloid 
mill at the Fort Totten Station Hospital for the past six months with 
very gratifying results This machine has facilitated the preparation of 
special diets and required foods for patients Also, specific problems of 
diet have been solved largely because wc have had at out disposal the 
means of changing highly nutritious food, heretofore contraindicated be 
cause of its solid state, into liquid form 

The use of a colloid mill m medicine is not new — it has been an 
important fartor in the manufacture of intravenous injection materials, 
reduction of glands for serums, premastication of vegetables for infant 
feeding and the manufacture of pharmaceuticals of all kinds 

The colloid mill we have been using is of simple design,* hav mg only 
one moving part A separate grinder is used as a preliminary’ step to 
premix the solid food and get it into a somewhat macerated slate A 
httle water is added to the mass and it is then introduced into the 
hopper of the mill from whence it passes into a chamber, where the 
material is set into rapid motion A built in centrifugal pump applies 
pressure on the material as soon as it is introduced The mill then 
subjects It to three distinct actions first, the top turbine whirls it violently 
and the high velocity impact breaks up the liquid into minute globules, 
secondly, the material is mechanically sheared by the teeth in the rotor 
and stator, and third, it is hydraulically sheared by the final smooth 

• Eppenbaeh Collo d M U 
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surfaces of the rotor and stator. 

As the material is emulsified, it passes into a metal hose and is recircu- 
lated through the mill, thus gradually reducing the particles to smaller 
and smaller size. In addition, the particle size is influenced by the size 
of the gap, which is regulated by a micrometer adjustment device. The 
grinding surfaces are surrounded by temperature chambers through 
which water floivs, so that the material may be processed and dis- 
charged cool. For example, a heat sensitive material such as whites of 
eggs may be processed without coagulation. It might be added that 
there is no incorporation of air in the product and no hazard of con- 
tamination due to contact metals (stainless steel is used). The machine 
is self-cleaning, comparatively noiseless and no technical skill is required 
to operate it. 

Advantages 

Among the numerous favorable effects resulting from the use of the 
colloid mill, the following ace especially important: 

1. There is earlier absorption of food. 

2. The period of convalescence is shortened. 

3. Mineral substances are in greater solution, and thus their speed 
of absorption from the digestive canal is increased. 

4. Vitamin content of food is more available because of the breaks 
down of complicated molecular structures. Vitamins are known to lodge 
in the flbrous elements of a food," and these are retained when the 
colloid mill is used. The latter device is therefore superior to juice 
extracting machines also used in the preparation of special diets. 

The inclusion of sufficient vitamin content in military rations in gen- 
eral is a very important consideration. While it is not within the scope 
of this article to discuss the vitamin alphabet fully, the following 
should be mentioned. Vision improves materially when large doses of 
Vitamin A are administered. It is therefore highly important in the 
dietary of soldiers, particularly aviators. As a matter of fact, avitaminosis 
of this vitamin in human beings is tested by the eyes’ ability to see in 
the dark. Vitamin A also plays an important role in the treatment of 
generalized infections, skin diseases, wounds, hyperthyroidism, etc.® Eddy 
and Dalldorf* found that lack of Vitamin A also frequently affects some 
internal organs: the bronchi, pelvis of the kidney, pancreas and prostate. 

Vitamin Bi seems to postpone fatigue and has a favorable effect on 
the nervous system. Also, its role in the normal functioning of the gastro- 
intestinal, cardio-vascular and hcmatopoetic systems is well known,® It 
is interesting to note that Vitamin Bi is considered a strategic war-time 
product. 
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5 Certain foods require lengthy cooking, but by using the colloid 
mill to mechanically grind them first, the cooking time is reduced Pro 
longed cooking destroys some of the vitamins and preliminary use of the 
colloid mill here is self evident 

6 For patients whose alimentary canal is m an inflamed or irritable 
state roughage in the form of harsh fibered vegetables skins of fruits, 
etc IS to be avoided and the colloid mill is almost indispensable in the 
preparation of these diets 

7 A greater variety of foods can now be included in the special diets 
of patients 

8 The colloid mill enables the preparation of natural foods with a 
minimum destruction of enzymes and minerals The food is freshly 
prepared and served immedtately, thus avoidtng the evrls of processing 
and canning It is well known that preservatives in canned goods and 
sometimes the contact metals destroy the enzymes and mineral content ® 

9 It has been gratifying to note the lowered incidence of digestive 
disturbances at the hospital with the use of the colloid mill 

10 The weight and strength of the patient are maintained, and in 
many instances an otherwise bedridden patient may remain ambulatory 

Tlierapeuiic Iraplicalions 

The present conception of treatment in high fever eases is orimanlv 
mLi” intake and proteins in Ae die[ 

P o Ln" aXh “ r = tOK'c destruction of body 

i;; rrs's: ,ir.r.2 *■ — 

duld m [het'ffdm/ 'the 

ve base been able to sustain the patient r^rCT^and 
sary nutrition vith a minimum LZ oTeZ ot 1 
get adequate food mtake by simply sipDinP thm i, 
tube a completely balanced meal ^ drinking 

This method of nutrition lends itself iMrrir„u,i.. ti . 
of the heaJ, neck or jay, and condittons^bout thl^mnshy'" 

In these cases solid foods cannot be taken and at the ^ “volved 
caloric diet ts necessary Also, thehealmg cftcttsThrn'ed K 
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diet high in calcium and phosphates’ — the colloid mill facilitating the 
preparation of both. 

A colloid mill is indispensable in the proper feeding of the moderate 
and severe anemias, re< 5 uiring liver administration. We have been able 
to supply raw whole liver to these patients in assimilable form. A cer- 
tain loss occurs in cooking liver, as the active material is water soluble 
and some may escape in the juice.’ 

Likewise, in cases where nerve regeneration is a desirable factor, 
sn'eetbreads and pancreas (cepbalin) have been given the patient in 
emulsified form with good results. There is some evidence that liver 
and kidney tissue are equally effective in these cases.’ 

Possibilities of the Colloid Alill 

Eye appeal is not a negligible consideration in connection with food 
preparation. Steaks and fish could be ground up in a mill and then mixed 
with a material having cohesive properties, such as casein or egg white 
(depending on the food), and thus the food could be reconstructed to 
resemble its original form. 

Whole wheat flour is superior to white, but is very difficult to keep as 
it is subject to mold, moisture conditions, etc. However, wheat in the 
proper casing provided by nature can be kept for hundreds of years. In 
the future armies may be able to carry the whole wheat grain with them, 
grinding it in a portable mill just before it is to be made into bread. It 
is known that Caesar who pushed his armies far, intuitively applied the 
principles of natural foods to his soldiers. The worn down teeth of 
exhumed skeletons found in the regions of his battles, show that Caesar's 
men were chew'ing whole w'hcat kernels and other roughage. Perhaps 
this was the secret of Caesar’s success. 

The colloid mill may be used to make extracts to flavor other foods. 
We have been using them at the hospital to make nourishing drinks of 
all kinds. We have also incorporated them into breadstuffs, thereby 
adding to the nutriments of the latter. 

The ramifications of this phase of the subject are unlimited and 
should serve as a basis of further study for the earnest student of dietetics. 

Conclusions 

1. A colloid mill is of inestimable help in the preparation of special 
diets for sick and convalescent patients. It makes foods more assimilable 
and a mote varied dietary possible. 

2. Therapeutic feeding in various conditions is facilitated. 

3 . The role of the colloid mill' in future dietetic research should be 
an important one. 
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ALLERGY IN SIILITAllY MEDICINE 

By LIEUTENANT COLONEL PKANK GUILFOED CEANDALL, JR 

Medical Reserve, U, S. Anny 
Los Ayigelea, California 

In 1906 Von Pjrquet,* a European physician, coined a new word, 
Allergy," from the two Greek words — ^allos (altered) and ergia (re- 
activity) which means literally "changed or altered reactivity”- and 
which he defined as "changed reaction capacity which the human or 
animal organism gains through recovery from disease or through treat- 
ment vvith foreign substances."^ It has been used synonymously vidth 
hypersensitiveness and idiosyncrasy. “Allergen" is the term used for a 
foreign substance which is capable of exciting an allergic reaction.^ 

It has only been during the past ten years that the term, allergy has 
come into common usage within the medical profession as well as the laity. 
At the present time, however, the term is beard everywhere, as it has 
become a household word and is even used in cartoons, newspaper 
columns and on the motion picture screen. 

Allergic Manifeaiatlone 

Most people think only of hay fever and bronchial asthma when 
allergy is mentioned. However, those who have made a special study of 
the various allergic manifestations are more and more realizing that 
there is hardly any human disease or condition which may not have an 
allergic factor involved. Practically any part of the body may be af- 
fected. Each day out knowledge of allergy is increasing. 

The etiology of allergy may be classified as follows: pollen allergy, 
food allergy, serum allergy, drug allergy, bacterial allergy, and physical 
allergy. Clinically, allergy may be manifested as asthma, hay fever, 
allergic rhinitis, gastro-intestinal allergy, migraine, and the various 
allergic dermatoses such as urticaria, angio-neurotic edema, allergic ec- 
zema or atopic dermatitis and contact dermatitis. 

Inheritance 

It is generally agreed that allergy is a hereditary disease in that an 
individual inherits a predisposition to allergy or an allergic tendenq’ 
which may or may not be manifested at some later date. In 1916 Cooke 
and Vander Veer^ showed that allergy was inherited. This observation 
was later confirmed in 1924 by Spaine and Cooke® and "(hat this tend- 
ency' seemed to be transmitted as a Mendelian dominant characteristic."® 

It w'as found that when both parents are sensitive 75 to 100 per cent 
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of the offspring will probably be allergic and when only one parent is 
sensitive 50 to 75 per cent of the offspring will probably be allergic 
and when neither is sensitive probably 0 to 10 per cent will be allergic 
It was also disco%ered that the age of onset of the allergic condition is 
definitely dependent upon the degree of inheritance Thus the greater 
the inheritance the earlier the probable onset 

Incidence 

In order to show the connection and importance of allergy in militar) 
medicine it is necessary to show the incidence of allergy Since allergy 
has been recognized as a disease entity only during the past few years it 
is obviously difficult to arrive at accurate statistics prior to the time it was 
recognized This was especially true during the World War 

Vaughan® has compiled rather complete statistics on incidence as fol 
lows In 1916 Scheppegrell* of New Orleans sent a questionnaire to 
Louisiana physicians and concluded that about 1 per cent of the general 
population suffer from hay fever 

In 1924 Spam and Cooke” m a survey of 506 medical students 
nurses and patients concluded that 3 5 per cent of the population are 
subject to hay fever or asthma They estimated the total allergies at 
about 7 per cent 

In 1930 Piness and Miller” made a survey on the West Coast of two 
mining communities and in a town of 3000 population found 4 4 per 
cent had hay fever while in a second town of 1000 population about 3 
per cent had hay fever They found 21 6 per cent of hay fever sufferers 
also had asthma 

In 1931 Rowe” made a survey of 400 university students and nurses 
Forty three per cent gave a family history of allergy 35 per cent gave 
a personal history of allergy and 31 per cent suspected foods as a pos 
sible cause of symptoms 

In 1934 Vaughan” made a survey of an entire community in Clover 
"itp per cent were IcacflcLy major 
allergies and the second group of minor allergies were 50 per cent or a 
total of 60 per cent of the entire population were allergies The forms 
of allergy represented m this group were as follows 
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TABLE 1 

Dlsiribution of Symptoms Amon^ Major Allergies in a Community of 
508 Persons'* 


Per Cent of Per Cent of 
Symptoms Cases Allergies Population 


Hay fever 27 49 5.3 

Urticaria 25 45 4.9 

Gastrointestinal 22 40 4.3 

Asthma 17 31 3.3 

Migraine 16 29 3.1 

Vasomotor rhinitis 16 27 2.9 

Eczema 3 5 0.6 

Angioneurotic edema 2 4 0,4 


In 193*1 Jimenez^^ at the Health Service Unit of the University of 
Michigan, upon the examination of <5,935 individuals, concluded that 
about 35 per cent of men and women students are definitely allergic 
and another 20 per cent ace potential allergies and that “moce than half 
(54 per cent) of men and women college students should receive a 
complete sensitization study.” 

In 1937 Pipes‘^ made a careful survey of 700 individuals, residents 
in and about Jackson, Louisiana, and summer students in the State Uni- 
versity at Baton Rouge, and found that major allergies were 13.6 per cent 
and minor allergies 35.8 per cent, making a total of approximately 50 
pet cent. Of these, 8 per cent suffered from hay fever and were major 
allergies. These figures would indicate that Scheppegrell’s former 
estimate of 1 per cent for hay fever, based on a questionnaire sent to 
physicians was possibly unreliable, due to the disease not being recog- 
nized as such in 1916. 

In 1926 HofFman^^ on the basis of a study of insurance statistics, 
estimated that there are about 500,000 cases of asthma per year in the 
United States or slightly under one case in 200 population and that there 
are 13,000,000 work days lost per year on account of asthma. 

In a communication from the Surgeon Generals Office^® to the writer, 
the follo%ving statistics are given: 

Total number of officer.^ and enlisted men in service during the World 

War 

Total number of hay fever cases reported 

Total number of cases of asthma reported 

Among defects found In drafted men in the World War, 6,729 cases 
of asthma were reported at a rate of 4.41 per 1000 and 39 cases of hay 
fever at a rate of .03 pet 1000.** 


4.129,179 

192 

7.924 
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When compared with more recent statistics it is very evident that 
these figures showing the number of cases of hay fever and asthma m 
the World War ate incomplete 

In 1935 Vaughan‘S reports that 1 2 per cent of the entire World Wat 
veterans receiving disability compensation were asthmatics Of these 
4,644 veterans, 62 per cent were more than 50 per cent disabled and 29 
per cent were totally disabled, 86 per cent had established service con 
nection for their asthma The annual cost of compensation for this 
group was $4,874,204 

It would seem that on the basis of the above figures, allergy must be 
given an important place m military medicme During the World Wat 
allergy w as not recogni2ed as a disease Therefore, we have only incom 
plete statistics on bay fever and bronchial asthma to say nothing of all 
the other allergic manifestations which were not recognized Thus it is 
evident that allergy is of importance m military medicme and should be 
dealt with accordingly by the Armys making complete plans for its 
diagnosis and treatment on a large scale 

The results to be obtained with the proper treatment of allergy offer 
a higher percentage of success than probably any other disease or condi* 
tion m medicine’' It has been estimated that from 80 to 95 per cent 
of those treated will either be relieved of their symptoms or greatly 
improved ” 

Since allergy is an important factor in imhtary medicme and since the 
prognosis, after proper treatment is so good, it is logical that the 
Medical Department of the Army should provide a suitable organization 
to properly diagnose and treat allergy in all its forms 

Policj in Peace 

The policy of the Medical Department of the United States Army 
at the present time, as outlined in Army Regulations 40 105” is to reject 
those applying for entrance into the Army who have ‘eczema of long 
standing or which is rebellious to treatment, acne upon face or neck 
which IS so pronounced as to amount to positive deformity,” paragraph 
31 34 Nasal obstruction due to septal deviation, hypertrophic rhinitis, 
or other causes if sufficient to produce mouth breathing, acute or chronic 
inflammation of accessory sinuses of the nose or hay jeier," paragraph 
to 43, Chronic bronchitis, chronic pneumonia, pulmonary emphysema, 
asthvia or bronchiectasis,” paragraphs 58 6l 

According to a communication from the Surgeon General’s Office,’' 
'Hay fever and asthma constitute defects which unconditionally dts 
qualify an applicant for admission to the regular Army” Under the 
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existing policy, the Medical Department of the Army during peace time 
will have Its allergy problem greatly reduced if the examining medical 
officers are careful in determining all obvious and potential hay fever 
and asthma cases and rejecting them. According to Vaughan’s survey" ' 
hay fever cases were 5.3 per cent and asthma 3.3 pet cent of the popula- 
tion of the community studied. Therefore, jf we exclude them in peace 
time upon examination for entrance to the service we shall have elim- 
inated about 8.6 per cent of the most troublesome allergies but we shall 
still have all the other forms of allergy admitted to the service. 

In the Annual Report of the Surgeon General of the United States 
Army 1939"“ for the fiscal year ending June 30, 1939 the following 
statistics are given for the calendar year of 1938. 

TABLE 2 

Statistics on Asthma in United Slates Army in 1939 


Total ofRcers and enlisted men 152,815 

Totnl number hospital admissions for asthma 238 

Number per thousand of asthma casos admitted to hospital l.S 

Total number of officers and cniisted men discharged for disability 

clue to diseases 2,025 

Total number of officers and enlisted men discharged for disability 

due to asthma 47 

Total number of officers and eeiUstcd men invalided home from over- 
seas stations because of asthma 21 


Dispogilioi) of A»i]<ninlic< 

TADLC 3 

Invalided Home from Overseas Stations 


Discharged for disability 


1C 

Treatment continued into 1939 . 




In The Surgeon General's Report^’’ no classification is given for any 
other allergic conditions except asthma. Therefore, we have used the 
above figures to show the prevalence of asthma in the Army of the 
United States during peace time in spite of the fact tliat Army Regul.'i- 
tions 40-105^* require that all officers and enlisted men who have asthm.i 
be rejeaed upon their entrance physical examination. 

Since the above figures include only those whose asthma was suf- 
ficiently severe to require hospitalization, it will be realized there arc 
undoubtedly many more cases of asthma in the Army at the present 
time than the above figures would indicate. When it is further realized 
that no statistics are avaiiafa/e on the number of cases of hay fever, 
allergic rhinitis, urticaria, allergic dermatitis, migraine or gastrointestinal 
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internist and rhinologist, and especially one who has a "Sheriock 
Holmes” type of investigative mind. In other w’ords, he should be a 
medical detective who is willing and anxious to run down every possible 
clue and be patient and persevering while he is determining any and 
all possible factors in every case. 

If it has not already been done, it would seem practical to detail at 
least one medical officer who has been trained as an allergist to each 
Corps Area, General Hospital or other major medical installation. His 
duties w'ould be to supervise the diagnosis and treatment of all allergy 
work in his area. He could also be used in a consultant capacity. De- 
pending on the distribution of Army personnel, the geography of the 
Corps Area and medical facilities available, this officer w'ould train 
other medical of&cers in the recognition, correct diagnosis and treatment 
of allergy. Clinical laboratory facilities should be provided for the 
routine examination of all suspected allergies for eosinophiles in the 
blood, sputum and nasal smear. 

At the present time allergic conditions are being diagnosed and 
treated in the General Hospitals of the United States Army as outlined 
in a communication to the writer from the Commanding Officer of the 
Letterman General Hospital at the Presidio of San Francisco, as fol- 
lows:®® “Patients admitted to this hospital for allergic conditions, after 
having a detailed history taken, are given a complete medical survey 
with special reference to foci of infection in the nasal accessor)’ sinuses, 
tonsils, teeth and gastro-mtestinal tract. They then receive sensitization 
tests by the intradermal method, using such allergens as appear to be 
indicated. These allergens are supplied by the Army Afedicai School. 
Where food sensitivity is suspected the foregoing measures are fre- 
quently supplemented by the use of test diets, ordinarily using the method 
outlined by Alvarez, though from time to time Rowe’s diets are employed. 
The hospital has a room equipped with an air filtration system and 
allergen proof mattresses and pillow covers.” 

If an allergy diagnostic study is to be made of each case it is neccssaiy 
to provide a complete set of diagnostic allergens. In private practice 
the specific allergens in the set vary wdth the botanical flora in the par- 
ticular geographic area where the tests are being made. 

In the appendix are charts. No. 1, No. 2, No. 3. No. 4, No. 5, No. 6, 
showing a form for an allergy history blank and a suggested list of 
di.ignostic allergens used by the writer in his private practice and allerg)- 
clinics. 

It is generally agreed that the routine manner of skin testing is to 
place the scratch tests on first. Tlie area used for testing may l>e .arms or 
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munication^' that "Under the Selective Service Act draftees with hay 
fever will be unconditionally accepted for service. Individuals with 
asthma will be accepted for limited service provided they are not in- 
capacitated thereby for their normal civil occupations. Asthma consti- 
tutes a rejectionable defect if associated with chronic bronchitis and 
emphysema except as provided above.” 

In case of \\’ar the Surgeon General’s Office further states^" that 
Mobilization Regulations provide that any special examinations required 
to further investigate the physical condition of a draftee may and shall 
be done and that such surv'eys may be conducted at local community 
hospitals and medical installations.” 

If these statistics showing that 10 per cent of the general population 
are major allergies are correct, the same figure should be applicable to the 
age group of the draftees in case of war. Then, for an army of 4,000,000 
men we can expect that about 400,000 of those drafted will be major 
allergies. 

Since it has been stated by the Surgeon General’s Office®® that these 
men will be accepted under the mobilization plans, it is easily seen that 
a well planned program must be developed to give this large number of 
men proper allergy treatment and supervision to make them assets and 
not liabilities to the Army. 

In each Corps Area, large mobilization center and each training camp 
or cantonment, a plan should be formulated to place a trained allergist 
and his staff in charge of the routine diagnosis, treatment and super- 
vision of the large number of men who will be found to be major 
allergies. A pollen or botanical survey should be made in each Corps 
Area to determine the pollen diagnostic allergens that will be required. 

A history sheet covering the necessary questions pertaining to allergy 
can be made a supplementary part of the regular physical examination 
form. All draftees who are recognized or suspected allergies will be 
placed under the supervision of the Corps Area Allergist. If there 
are several large cantonments or training camps in the same Corps Area 
it may be found to be more practical to have a plan for treating these 
allergies in each camp with a trained staff. The diagnosis, treatment 
and supervision of these men can be carried out by an allergist in such a 
way that it will not interfere with their military training or routine duties. 

As rapidly as possible all these men would be given the diagnostic skin 
tests to determine to just what allergens they were sensitive. This would 
be done before they v/ere assigned to any brancli of the sef\'ice or to any 
routine duties. For instance, if a man was found sensitive or allergic 
to a horse dander, he would not be assigned to the Cavalry; if to wool, 
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to be under treatment and supervision during the entire period of the 
war. In this case it might be decided to discharge these men for physical 
disability. But this number would be comparatively small. 

The Results of Treatment 

In 1932 Vaughan®* reported that 95 per cent of his hay fever patients 
obtained good results with perennial therapy. 

In 1934 Unger and Moore®® reported good results in 83 to 85 per cent 
of patients. Phillips®® gave 91 per cent satisfactory results with intra- 
dermat therapy. In 1930 Markow and Spain*' successfully treated 75 
per cent with an additional 15 per cent fair results and failures in 10 
per cent. In 1935 Walker** reported 98 per cent of his patients greatly 
improved. In 1936 Hansel reported that complete or satisfactory relief 
was produced in 75 to 90 pec cent of his cases. In 1933 Vaughan^® pre- 
pared a chart on the results of the allergic treatment of asthma and 
showed that Rowe in 110 cases of asthma obtained a cure in 68.3 per 
cent and good results in an additional 22.7 per cent or a total of 91 
per cent. In the same chart Vaughan** showed that Alexander and 
Zeek treated 69 uncomplicated cases of asthma and obtained 90 per 
cent either cured or improved and Rackemann in 425 cases produced 
25 per cent cures, and 57 per cent improved, or a total of 82 per cent. 
The writer from his experience in several allergy clinics and a private 
practice limited to allergy has found that more than 90 per cent of his 
patients are satisfactorily improved. 

The above statistics, based on the experience of a number of allergists 
as well as the writer’s own practice, showing that 80 to 95 per cent of 
those who remain under allergy treatment and cooperate properly arc 
either cleared up or greatly improved, indicate that the effort required to 
treat these cases in the Army should be well worth while. The results 
likely to be obtained in the Army where much closer super\’ision of 
the patient can be maintained should be even more successful than in 
private practice. 

Summary 

1. It has been shown by surveys that approximately 10 per cent of 
the general population are major allergies. 

2. In a war time army of 4,000,000 men we can expect that about 
400,000 will be major allergies. 

3. The policy of the Medical Department during war time will be to 
accept hay fever and asthma cases although during peace time they are 
rejected. 
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4 It IS recommended that trained allergists in both the Regular 
Arm) Medical Corps and Medical Reserve be selected now to fill ke) 
positions in the mobilization plan 

5 A plan is suggested s\hich ma) be expanded to meet the situation 
m war time to have trained allergists treat these allergies in each camp 
concurrent!) with their mditai) training 

6 Since statistics show that 80 to 95 per cent of allergies who are 
propcrl) treated are either cleared up or greatl) improved it seems evi 
dent that the results of treatment of allergies would justif) the develop 
ment of the above outlined program withm the Medical Department 
of the United States Arm) 
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** War Departnifnf, Surgeon General’s Office, Washington, D C Apr 19, 1940, letter from. 

“ IHd. 

**Rovie, op. cit. p. 259. 

“ Ibid. 

**lbid. 

" Ibid. 

“ Ibid. 

Hansel, op. cit. p. 630. 

♦*’ Warren T. Vaughan, "Some Rhinologic Aspects of Allergy,” Jotirnal of Allergy 4:127, 1933. 
« Ibid. 


Name Address 

Age Race S.W.M Civil Occupation 

ALLERGIC HISTORY 

Previous Occupations Birthplace 

Other Residences 

Primary symptoms causing most distress 

Secondary symptoms: 

1. Occular 2. Chest 3. Nasal 4. Skm., 

Present attacks or symptoms began 

and ended (if so) 

Time of worst attacks: Seasonal Perennial... 

Day Night Morning Etc 

Food idiosyncrasies 

Drug and other idiosyncrasies 

Hereditary history of allergic conditions 


Other aliergiV manifestations (present and past) : as, 

rhinitia, gaatro-Inteatinal disordera, migraine, hives, urticaria, 

edema, etc 

Other illnesses or operations and their duration 

Do y;;; 'aiy anim;i d;nd;r; inhalant " 

cause? 

I'ou h^w 'a;; ’t^nbie wMe 'in mountaina. 


Do you have any trouble 

desert, in woods, cleaning house, mowing 
around flowers, around trees, grasses or weeds. . 


Laboi-atory reports : 


Tentative diagnosis 
Final diagnosis ... 

Additional history and remarks 


Medical Officer 
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CHART 2 

mxcMs 

Row 2 

Row 3 

Trees 

Trees 

Grasses 

Acacia 

Mesquite 

Alfalfa 

Ash 

Olive 

Alkali Rye Grass 

Box Elder 

Orient'll Sycamore 

Annual June Grass 

Black Walnut 

Pepper Tree 

Barnyard Grass 

Coast Live Oak 

Redwood 

Bent Gross 

Cottonseed 

Scrub Oak 

Bermuda Grass 

Elm 

Valley Oak 

Broncho Gross 

English Walnut 

Western Sycamore 

Cal Brome Grass 

EucalyptOi 

Willow 

Canada Blue Gross 

Fremont Cottonwood 

Yellow Pine 

Cheat 

Row 4 

Row 6 

Row C 

Glasses 

Grasses 

Grasses 

Crab Grass 

Red Top 

Timothy 

Darnell Grass 

Reed Canary Crass 

Velvet Grass 

Giant Rye Grass 

Salt Grass 

Wall Eatley 

Italian Bye Grass 

Small Canary Grass 

Wild Oat 

Johnson Grass 

Small Flowered Melica 


Kentucky Blue Grass 

Soft Cheat 


Koeler s Grass 

Squirrel Tati 


Meadow Fescue 

Sudan Grass 


Orchard Grass 

Sweet Vernal Grass 


Perennial Rye Grass 

Tall Oak Grass 


Weeds 

Row 1 

Row 2 

Row 3 

Allscale 

Firebush 

Kettloleaf Goosefoot 

Beach But 

Giant Poverty Weed 

Pasture Sage 

Bractscale 

Giant Ragweed 

Picklewced 

Careless Weed 

Greasewood 

Privet 

Costal Sage 

Green X>ock 

Quail Brush 

Cocklebur 

Green Sagebrush 

Rabbit Brush 

Common Sagebrush 

Lambs Quarters 

Redroot Pigweed 

Dandelion 

Mexican Tea 

Russian Thistle 

English Plantain 

Mngwort 

Red Orache 

False Western Ragweed Mettle 

Shadscale 

Row 4 

Row 6 


Sheep Fat 

Western Ragweed 


Sheep Sorrel 

White Sagebrush 


Short Ragweed 

Wormsced 


Silvery Atriplex 

Yellow Dock 


Slender Ragweed 

Yellow Mustard 


Small Poverty Weed 
Spearscale 

Spiney Cocklebur 
Sugar Beet 
Tumbleweed Pigweed 
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CHART 3 

FLOWERS 


Row 1 

Row 2 

Aster 

Pink Bose 

Baby Breath 

Red Clover 

Chrysanthemum 

Snap Dragon 

Daffodil 

Spirea 

Dahlia 

Sunflower 

Gladiolus 

Sweet Clover 

Goldenrod 

White Rose 

Lilac 

White Clover 

Lily 

Wild Rose 

Oxeyed Daisy 



MOLDS 

Row 1 • 

Row 2 

Alternaria spp. 

Mucor circinelloides 

Aspergillus flavus 

Monilia Sitophilia 

Aspergillus fumigatus 

Penicillium Digitatum 

Aspergillus nidulans 

Peniclllium expansum 

Aspergillus niger 

Penicillium roseum 

Aspergillus terreus 

Penicillium rubrum 

Chaetomium globosum 

Rhizophys 

Cephalothecium roseum 

Rhizophys nigricans 

Helminthosporium 

Torula (pink) 

Hormodendrum 

Trichophyton 


CHART 4 

FOOD ALLERGENS 


Abalone 

Black Cap 

Cauliflower 

Allspice 

Black Eyed Pea 

Celeriac 

Almond 

Black Pepper 

Celery 

Anchovy 

Black Walnut 

Celery (Italian) 

Anise Seed 

Bonita 

Celery (Utah) 

Apple 

Boysenberry 

Cheese (Amer.) 

Apricot 

Bran 

Cherry 

Arrowroot 

Brazil Nut 

Chestnut 

Artichoke 

Broccoli 

Chicken 

Asparagus 

Brussels Sprouts 

Chicory 

Avocado 

Buckwheat 

Chili Pepper 

Bacon 

Cabbage 

Chili Pon der 

Banana 

Calves Liver 

Chive 

Barley 

Cantaloupe 

Chocolate 

Barracuda 

Caraway Seed 

Cinnamon 

Bay Leaf 

Cardamon 

Citron 

Beof 

Carp 

CInm 

Beef Heart 

Carrot 

Clove 

Beef Kidney 

Casaba 

Cocoa 

Beef Tongue 

Cascara Bark 

Coeonnut 

Boot 

Cashew Nuts 

Cod’s Liver 

Bluebcriy 

Castor Bean 

Coffee 

Blackberry 

Cnthsh 

Corn 
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Cornmeal 

Crab 

Cranberry 

Crawfish 

Cucumber 

Currant 

Curly Kale 

Curry Powder 

Dandelion Greens 

Date 

Dill 

Duck 

Egg 

Egg (White) 

Egg (Yolk) 

Eggplant 

Endive 

English Pea 

English Walnut 

Evaporated Milk 

Farina 

Fig 

Filbert 

Flounder 

Garbanza 

Garlic 

Gelatine 

Ginger 

Goose 

Gooseberry 

Grape 

Grapefruit 

Green Pepper 

Ground Cherry 

Haddock 

Halibut 

Herring 

Hickory Nut 

Honey 

Honcy-<low melon 
Hop 

Horvc Radish 

Huckleberry 

Juniper Berry 

Rilnej Bean 

Kohlrabi 

Lamb 

Leek 

L<mon 

Lentil 


War Medicine 


CHART 4 iConUnued) 


FOOD ALLEBSENS 
Lettuce 
Liconce 
Lima Beans 
Lunburger Cheese 
Lime 
Ling Cod 
Lobster 
Loganberry 
Mace 
Mackerel 
Malt 

Mandarine 
Mangoes 
Milk (cow) 

Milk (cow) albumin 
Milk (cow) casein 
Milk (cow) whey 
Milk (goat) 

Mint 

Mushroom 
Mustard 
Mustard Greens 
Mutton 
Napa (celery) 

Navy Bean 

Nectannes 

Nutmeg 

Oat 

Okra 

OJ've (green) 

Olive (ripe) 

Onion 

Orange 


Owtei- (Eastern) 
(Olrmp.a) 
Oyster (Will.p, , 
Faprika 
Parsley 
Pea 
Peach 
Peanut 
Pear 
Pecm 
Persimmon 
Pickerel 
Pike 
Pimento 
Pine Nut 
Pistachio 
Plum 


Pomegranate 

Popcorn 

Poppyseed 

Pork 

Postum 

Potato 

Psyllium Seed 

Pumpkin 

Quince 

Rabbit 

Radish 

Raism 

Raspberry 

Red Pepper 

Red Snapper 

Rice 

Rice (Unpolished) 

Eice (Wild) 

Rhubarb 

Rock Bass 

Rock Cod 

Roquefort Cheese 

Rutabaga 

Rye 

Sabel 

Sage 

Sago 

Salmon 

Salsify 

Sand Dab 

Sardine 

Scallops 

Sea Bass 

Sea Perch 

Sesame Seed 

Shad 

Shrimp 

Smelt 

Sole 

Soy Bean 
Spinach 

Squash (Banana) 
Squash (Hubbard) 
Squnsh (Italian) 
Squash (Summer) 
Strawberry 
String Bean 
Sturgeon 
Sugar Beet 
Sugar Cane 
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Swcptli roads 

Sweet Potalo 

Swi^s Chard 

Swjis Cheese 

Swonlfish 

Tangerine 

Tapioca 

Tea 

ThjTne 

Tomato 

Trout 


AnRora Wool 
Heaver 
Cumel's Ilair 
Caracul Fur 
Cat Hair 
Cattle Hair 
Chamois Skin 
Chicken Feathers 
Deer Hair 
Dor Hair 
Duck Feathers 
Fox 

Goat Hair 


Alfalfa Meal 
Aniline 

Bindinp Twine 
Cedar 
Chalk 
Chicle 

Cocoanut Fibre 

Cotton 

Cottonseecl 

Cottonseed Meal 

Dust (house) 

Excel«ior 

Fir 

Flax 


Allergy in Mdttary MeAn me 
CHART 4 {Continued) 
roon ALLniGRNS 


Tumeric 

W heat 

Tuna Ki<h 

Wheat Flour 

Turkey 

Wheat (Gluten) 

Turnip 

Wheat (Gliaden) 

Vnnilla 

Wheat (Glutincn) 

Veal 

Whitefish 

Venison 

Yam 

Wntercrens 

Yeast 

Watermelon 

Yellow tail 

Wax Roan 

Youneberry 


CHART 6 

KrJDKHMAL ALLERGENS 

Goose Feathers 

Guinea PiRHalr 

Hop Hair 

Horse Dander 

Hun. Slone Martin 

Kolin«ky 

Leopard’s For 

Mink 

Mohair 

Mole 

Mouse Hair 
Mo«krat 


Opessum (Amer.) 
Opossum (Austr.) 
Pony 

Rabbit Hair 
Racoon 
Rat Hair 
Seal (Alaska) 

Seal (Hudson) 
Sheep Wool 
Skunk 
Squirrel 

Turkey Feathers 
Wolf Fur 


CHART 6 

JIISCEI/LANEOUS ALLERGENS 

Flaxseed 

Glue 

Hemp 

Henna 

Human Hair 

Jute 

Kapok 

Karaya Gum 

Kleenex 

Lavendar 

Leather 

Lycopodium 

Newspaper 

Onds Root 


Poison Ivy 
Poison Oak 
Primrose 
Py rethrum 
Rayon 
Bed Oak 
Rice Powder 
Sea Moss 
Silk 
Sisal 

Tamarack 
Tobacco 
White Pine 
Yellow Pine 
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17 

18 


Date Given 


CHART 7 

SUGGESTED DOSAGE CHART 
POLLENS 
Dilution 
1-100,000 
1-100,000 
1-100,000 
1-10,000 
1-10 000 
1-10,000 
1-1,000 
1-1,000 
1-1.000 
1-1000 
1-1,100 
1-1,000 
1-1,000 
1-1,000 
1-100 
1-100 
1-100 
1-100 
1-100 
l-loo 


cc 


01 


02 

04 

oos 
015 
0 25 

0 04 
0 06 

01 

015 
02 
0 25 

03 

04 
013 

016 
019 
0 21 
0 24 


Pollen Units 
1 
2 


15 

25 

40 

60 

100 

150 

200 

250 

300 

400 

500 

600 

700 

800 

900 



CHART 8 



SMOESTH) TCMOE CHAM 


Dose Xo 

1 

2 

1-10,000 

C C Extract to 

3 

1-10,000 

01 

4 

1-10 000 

02 

5 

1-10,000 

03 

6 

1-10,000 

04 

7 

1-1 000 

0 5 

S 

1-1 000 

0 07 

9 

1-1,000 

01 

10 

1-1,000 

02 

11 

1-100 

04 

12 

l-loo 

0 08 

13 

1-100 

015 

14 

1-100 

0 25 

15 

1-50 

04 

16 

1-50 

0 25 

17 

1-50 

03 

18 

1-50 

04 

19 

l-lo 

05 

20 

1-10 

0 15 

21 

1-10 

02 

22 

1-10 

0 25 

23 

1-10 

03 

24 

1-10 

0 35 

25 

1-10 

04 


1-10 

045 
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PAINFUL FEET 


By LIEUTENANT (JG.) C. J. FRANKEL 
•UC-F («) V, S. Naval Reset-ve 


ROBERT V. PUNSTEN, M.D. 

Univeraily of Virginia Hospital, Charlottesville, Virginia 

The problem of the treatment of non-traumatic foot ailments in the 
average orthopedic clinic differs greatly from that which faces naval 
medical officers. The naval personnel is composed of men who have 
on entrance into the Navy, feet which are normal in practically every 
respect. The problem then is to consider complaints arising in ana- 
tomically normal feet. 

Before proceeding with a discussion of the diagnosis and treatment 
of the more common foot conditions, it may be useful to review the 
normal anatomy of the arches of the foot. 

The foot as described in most anatomical textbooks is composed of 
three arches: (1) the inner-longitudinal; (2) the outer longitudinal, 
and (3) the anterior or metatarsal. The inner-longitudinal arch is made 
up of the os calcis, the astragalus, the scaphoid, the medial three cunie- 
forms, and the medial three metatarsals. The bony architecture is re- 
enforced by strong ligaments, the most important of which is the 
inferior calcaneo-scaphoid ligament. The arch is further re-enforced an 
maintained in position by the anterior and posterior muscles, which 
provide a sling-like effect; i.e. anterior and posterior tibials and the 
peroneus longus. This arch is both in weight bearing an 
vex with its fulcrum just behind the astragalo-scaphoid joint. The outer 
longitudinal arch is* not a true one inasmuch as during weight bearing the 
elements which compose it are practically resting on the ^ 

components are the os calcis, the astragalus, the cuboi , an e ou e 
two metatarsals plus the reenforcing ligaments. 

The anterior arch is composed of the five metatarsal heads, to re- 
enforcing ligaments and the many short muscles of the ore * 
in a very excellent monograph on the foot states t at o ca 
an arch is a misnomer since during normal weig t j 

present. The metatarsal heads bear w'eight direct y normal 

About 80 per cent or more of the complaints about the feet m normal 
individuals will be in the longitudinal or anterior arch 
haps best to exclude corns from this list and discuss ^ ; 

Usually with anterior-arch strain the most frequent complaint 
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IKtfr Aledtaue 

burning of the feet in tl.o pliniar irci under and bcinnd the metatarsal 
heads Pam m tlic calves comes on after variable periods of vvorL 
the hack” P^'" ■" '*■<• ""il'S and ni the low part of 

teen u ed Pa>'^''< l■a>,nfi alwa)s 

recen lv ' «<>"'* and of 

onlj recently having been subjected to steel or cement floors Relief 

usu^ly occurs when the patient gets off Ins feet 

tars^hear'TZ*"! ^ “"‘'“ness on pressure under the rneta 

se::ll‘’^ftetXsat;“dsrd^t^^^^^^^^^^ r - - 

aC’:™; 

strain can usually be ma™ mc"m«Tl n”' anterior arcli 

metatarsal head (rricbems AscaS ai! I '"IrT 
should be ruled out In tiuestio kl ^ ^larch Toot fracture 
the differentiatmn 'I”“™able cases an X ray will readd, mate 

case through the use of'^ meutarsaUw'te '"r “'^"ge 

placed on the shoe by an, cobbler who has £' "" ^ 

in placing it It should be emphasised th^T ^k'*'" >nstr“0'ons 
tectly It should be mst behind ^ 7 

to slightly elevate the area beh^ l"’i 
convexity made by the weakSnSd trerm"'^' 
demonstrated by a simple expenm. . c Tbis can be 

antil the palmar metacarpal tea* "'t ""R'" 

behind the heads the prominence Pt"mincnt Then press directly 
placed by a concavity It ,s easv toT*'*'*'' “ convexity is re 

bach or too far forward will nnr’ “ bar which fits too far 

In more severe ca^^T " n«otnplish the purpose 

a metatarsal pad This can te madrof M ""PP''""™^ ‘he bar with 
prefer the removable type that can he f '“bber We 

The foot outline (non Light bearSngr" r 1 “'’“ 

(See Figures 2 and 3) Tte offendL °f P^P" 

designed to relieve strain in the prot ® ^ ’Pbe padS are 

can be glued in the shoe if ihe^„!l “n? ^be rubber or felt support 
ever it ,s just as important to see i^P' Ho" 

‘be bat ““ Ibal tt m placed correctly as it is with 

less frequently there may be a si 

The symptoms are usually of earlv fakL" “"f '“"Situdlnal arch 
arch and a feeling of tiredness m the®*"? P“'" ‘•"eclly under the 

‘he thighs There is occasionally sleTlW'" bad of 

’ back pam There may be 
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Painful Feet 

partial loss of the normal concavity under the astragaioscaphoid area 
and some tendenq* to pronate the foot. 

We condemn the use of steel plates in these feet — especially the 
type sold at the corner drug store. It is out custom in the cases of very 
mild strain to trj' first the use of a Thomas heel (See Figure l), with a 
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Painful Feet 


54" or 3/16^' inner border lift. The more advanced cases are fitted 
with felt inner soles of varied thickness (See Figures 2 and 3)- 

Felt or rubber have enough resiliency to allow the muscles about the 
arch to continue their normal function. Steel, on the other hand, is rigid 
and more or less maintains a fixed position, with subsequent atrophy 
of the unused groups of muscles. It is only in the far advanced, painful, 
rigid type of flat feet that steel or metal is useful. This type of foot is 
rarely if ever seen in the naval personnel. 

Corns are usually the end result of ill-fitting shoes. The importance 
of correct siae and shape, especially in our armed forces, cannot be over- 
emphasized. Corns in the inter-digital areas are due either to narrow 
shoes or the presence of exostoses on the plantar surface of one of the 
metatarsals. An X-ray will reveal the latter. If present, surgical re- 
moval of the exciting cause is indicated. 

There are many less frequent conditions which will be seen from time 
to time; i.e., hallux valgus, spastic post-infectious flat foot, accessor} 
scaphoids and weak feet and joints following an infectious process. 
These must be kept in mind when examining a patient with a recent 


history of illness. 

Hallux valgus as the term implies is a deformity of the large toe. 

There is usually a dislocation outwards of the first phalanx together 
with the production of an exostosis on the medial side of the head ot 
the first metatarsal In our hands simple exostectomy has been usetul. 

Spastic flat foot as seen in adolescents is usually a post-infectiou 
condition. In the young adult group, the peroneal muscles, evcrtors 
are frequently stronger than the invertors. The infectious proces 
thought to set up an increased irritability in the evertors ’ 

foot into a valgas or flat foot position. Manipulation and apphcatio 
of a cast with the foot in inversion is recommended. 

An accessory scaphoid is a true bone ^ 

a sesamoid. It is attached to the medial side o t e 
usually accompanied by a displacement of the attacimen - . j 
posticus tendon. The pull of the muscle is changed so 
inverting it tends to evert the foot. Treatment 
the accessor}- ossicle and reattachmcnt of the postiais 
its pull is in the direction normal to it. 
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THE PIIOPIIYLAMS A^D THCATAIEAT OP 
EPIDEUAIOPIIYTOSIS OP THE PEET 

By FIRST LIEUTENANT PHILIP It BEOKJORD 
Medial Corre, V S Amy 

hap^rcepted'ifr,! f P«- 

garnsor iecenTlv ^irontcall,. «pcc.all, ,n 

Irtng the regular^ monThT’’“7 examined b) the writer 

infected with Ae funguf XXe”"’ "" 
the disease about 30% ,sere xesimlar^ 

hyperkeratotic Similar percentage^ l,L h"" ><>% 

from time to time Charactensi ^ ll 7 ‘"‘'•'•s 

demies It IS even knmvTth I 'r^; "’‘i runs in minor epj 

bearing skm from his feet onm ”he bits of fungus 

nate his entire platoon contami 

edly\trn?aragerof the'' F-POil 

epidermophytosis flofrish uL r '^P“’ '“P^ctiiel/, of 

soldier lives As many as loo “"ditions m which the modern 
barracks Borrowme of shn<»« ^ common shower in some 

though wool socks fre more comlru' c “ P^°"dure A1 

unfortunately thrive better m wool than ' "’‘’"*"’8 "i^n fungi 

Prophylaxis like freedo7 * 

heneiils Too often the rut;s7or"i^e'''*''‘"’" to maintain its 

dermophytosis ate left completely to P™P''>‘“5 ‘■Smist ep. 

for enforcement Frequent imnert " ^’’pnta and latrme orderlies 
shower floors by medical officers .T™?' duckboards and 

be impressed lhat these RxtZl llT -BH" “ust 

of the average soldier is that the ° used The attitude 

toes carefully, sprinkling powder on i drying his 

athletes foot Trifling indeed' “ “'"S condition as 

"cel an important training maich^^ *■“ """ battalion 

not walk on tender ®°£gy feet most of the command could 

tinuouslolytlcCa" ul“to *= P^mstaking and con 

mand reasonably free from ep.delliT'''^ “ ‘o keep a com 
will always carry the organisms on thel fol'" Admittedly, a few men 
these procedures are carried out and the <y ““““ thoroughl) 

the group treated and inspected The 


500 



The Prophylaxis and Treatment of Epidermophytosis of the Feet 
moment vigilance is relaxed there will begin an increase in the number 
of infections, which, if not checked, will soon amount to an epidemic. 

Floors: All floors, and shower room floors particularly, should be 
mopped daily with strong G-I soap, thoroughly rinsed and dried — 
before use, if possible. Deposits should be periodically scraped from all 
corners, grooves and ridges. 

Duckboards: There must be two sets of these for each shower room 
floor. While one is in use, the other must be drying in the sun. A two 
inch elevation is sufficient. 


Footbaths: The essential factor is that these be actually used and not 
sidestepped. This can most effectively be assured by building (of con- 
crete) or placing the bath directly in front of the shower compartment 
so that the bather must step into it both on entering and leaving the 
shower. A bakelite pan, filled with a solution of calcium hypochlorite 
is satisfactory in concentration of 2,000 parts per million of chlorine. 
1 ounce of calcium hypochlorite per 4 gallons of water will give this 
strength. A 10% solution of Sodium thiosulphate is also good. Solu- 
tions should be changed daily. As a part of the routine the feet should 
be carefully dried with a fresh towel, preferably while standing on a 


dry spot. 

Footwear: Wool socks must be washed well, rinsed many times and 
sun dried as often as possible. Daily change of both shoes and socks 
can be done without difficulty, as soldiers are now issued two and often 
three pairs of field shoes. Next to shower room contamination, the 
repeated wearing of wet footgear is undoubtedly the most potent aid in 
developing a full blown infection. 

Footpowder: Toughening the feel by use of alum powder will assist 
in preventing blisters, but not epidermophytosis. The usual GJ foot- 
powder. containing salicylic add, talcum, boric add, starch and other 
ingredients, sprinkled on the feet and m the shoes will give P"’ 
tection. A preparation containing hydtoxy-quinolme (Menncn s Qum- 
Sana") has been found to be very good. Fungicidal P'"'! 

retard fungal growth, rather than actually estro>ing ^ i ^ 
Thoroughly drying the shoes is as effective as powder in this respect. 
Feet, of course, cannot be kept completely dr}. 

Treatment must be persistent. Too often, the busy medical offi er 
swamped with cases of infected feet, dismisses a man as 
interd^ilal spaces dr;- out and the pam and 

weekly inspections should be made before one is satisfied that a working 
cure has bL obtained. An absolute cure ts always doubtful for 
recurrence may or may not be from the man s own organisms, hut 


501 



War Aled/cine 

!hf by diligent prophylaxis The treatment of 

the three common types ot epidermophytosis is as follows 

Da7v“m 1 ^“btution of rigid prophylaxis as outlined above 

SmedlTe' f f sentian violet is 

di ondLn , ““-“dually the heel or under the instep If 

treataent Pal “ “'Ospitalired for wet pack 

metcutv ft 50 (inl hypochlorite, bichloride of 

sulphate LuliS' P'r^S^nate (1 5000) or sodium thio 

of the sulfonamide ary in ection calls for administration of one 

natum%ftt"r„da;rLt- ^ 

the ’toes ‘rfeTbW off (Itt “imT ‘^P‘d™is between 

toe and its base wuh f loV atohl ^ ^ 

Strength tincture of iodine ml looo T? solution, half 

Freezing the areas with ethyl chloride ""'ant green solution 

freezing will g.ve more Sble L ,k r ' Caution-repeated 
edges the prevalent use of salicylic ^he writer acknowl 

believes they add to the moist f “* for this type but 

placed be^een the toes reduce pamTuUncUo!!' 
dtgttal^^ceT may^braffe^tT'^^^^^ '“‘“'‘'"S *e inter 

S Itlnlo^t lltran t 

removing the heavy layers of tk between applications is helpful m 
cauterized with a 30% silver mtai"^ epidermis Deep fissures are 
salicylic acid in a 1 5oo alcohnli ^o^ution A solution of 10% 
good results in one d.spensat bm ’’"“'aot green has given 

fiuent painting result I r 7art‘ v ‘- fro 

roentgenotherapy Very stubborn cases will require 

Summary 

soldiers Uncontrolled M* Zl ““monest diseases of the feet m 

fary, which must be followed diime^m '““able for the mil. 

roeps are to be kept free of the dS^/u'* continuously .f garrisoned 
es,«„s,b,l,ty ot the individual f condition The 

routine IS stressed following the prophylactic 

3 be persistent and several check, a c 

^ai checkups made after ap 
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The Prophylaxis and Treatment of Epidermophytosis of the Feet 
parent cure to obviate early recurrence. Absolute cure, under garrison 
conditions, is unlikely, but a working cure is to be sought. A review' of 
the standard modern treatments for the several types of the disease is 
given. 
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HUMAN CONV'ALESCLM SUtUJI AND VACCINATION IN 
THE PREVENTION AND IKEAliMENT OE 
RACILLAUY DA SEN I'ERA 

By JOSEPH BELSEN, M D 
iork N Y 

The importance of bacillarj d)senlei) as a civilian and railitaiv 
disease has been recognized for man) jcars Diarrhea, djsentcry and 
enteritis stands tenth in the list of major causes of death in the United 
Slates The reported morbldit) inadence of bacillar) d)senteo for 
eighteen states averaged 11,220 )earl) during the period 1933 1937' 
and amounted to 20 644 for fort) two states in 1938= It uL L 

fXtudid'’ th‘" unclassified diarrhea were care 

the”pS:p:nTes;:ri^a': t: ':ar" t / rf" 

= f f2r.he^^^= -F. nTofrmdetri.'t; 

tamia during the World War Althoueh7h°"'“' 
per cent, the averace oetiod of !*’= mortalit) was onl) 2 7 

was 141 days A rfport bv KonJ-'h''‘"?’"' “ S'°“P “f 2000 troops 

m Poland indicates a siradar trend'®* German campaign 

the clinicfl and®abortrr^''st!Idy'of bT m"" d “‘*™"‘tes in 

climate and virgin soil have srJ dysentery Adaptations to 

disease New “> *<= 

of pathology" have been described A progression 

the degree of seventy rather n.,„ “inical re classification based upon 
seems expedient since strains huherto^If^j^J”’ ‘>'P“ involved now 
pathogenicity have been found to b. "tgarded as of low or doubtful 
(eg Sonne Duval) ■« Reel sh d '" S' in some instances 
regarded by Andrewes as non oathno'” ^ ^Ikalescens,^^ originally 
and the presence of two antigenic fSm’ definite pathogenicity 

organism the other type speW>a y i 

the International Dysentery Registrv '533 b) 

of the distribution and nature of discase"^^ *" ’““"■odge 

iKase as observed by public health 



Htimau Convalescent Serttm and Vaccination w Bacillary Dysentery 
officials whose personal observations have been most illuminating. 
Carc-ful analysis of this data has resulted in the formulation of a seven 
point program for the prevention and control of infectious diarrheas.^® 
Finally, clinical and experimental studies on the immunology of bacillary 
dysenter)’ have revealed new possibilities in prevention of the disease 
in the human. It is with this concept that the present discussion is 
concerned. 

In the course of clinical and experimental investigations during the 
past decade, considerable evidence was presented pointing to an acquired 
immunity in bacillary dysentery. In endemic areas natives often ap- 
peared to be immune, the disease being perpetuated largely by new- 
comers, previously uninvolved children and carriers. There is consider- 
able doubt as to the existence of so-called "healthy carriers m bacillary 
dysentery. Our experience has been that careful and repeated sigmoido- 
scopic examinations usually reveal active intestinal lesions. An excellent 
illustration of acquired immunity may be drawn from the Jersey Cit} 
Flexner epidemic of 1934.» The rise started about July 22, reached its 
peak on August U and then rapidly declined so that by the end of the 
month the epidemic was practically terminated. A sharp secondary rise 
occurred, however, after Labor Day, when there was a marked influx 
of children returning from their summer vacations. The second out- 
break was confined chiefly to these newly arrived non-immunes. Similar 
findings have been reported by McGinnes.*® Among the Britis 
in Egypt, bacillary dysenter)' is largely confined to 
institutions, where the disease often persists for years similar conditio 
prevail, particularly among infants, the feeble min e , age an p 
chotic. In two such institutions coming under our observation the p ^ 
ponderance of the disease among recently admitted individuals was ^el7 

of clinical impressions snch as these the possibility of active 
immunization or passive transfer appeared qurte feasible. I" °"er to 
.test their validity in labotalory animals, a series of experi 
instituted." The findings may be summarized as 

The serums of rabbits actively Immunized by ’ P 
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immune serum col be injected as much as_five days before lhe_ g __ 
isms and still afford excellent protection 
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Human Convalescent Serum and V accination tn Bacillary Dysentery 

be of considerable value where the time factor in preparation is not 
important. 

Human blood is collected from convalescent acute cases at about 
the end of the third week under aseptic precautions in one pint sterile 
wide mouthed square bottles. The blood is allowed to clot at an angle 
of approximately forty-five degrees, the serum drawn off, transferred to 
250 c.c. centrifuge bottles and centrifuged in a two or four place head 
(International No. 2). The clear, Wassermann or Kahn tested serum 
is than preserved with 0.23 per cent phenol or 1:10,000 merfhiolate in 
rubber capped 120 c.c. pyrex nursing bottles and kept in the ice box until 
used. Pooled serums are apt to be somewhat better than serums from 
a single case, particularly in double infections (some cases have even 
been reported with three strain infections). Moreover, the value of 
individual serums varies with the virulence of the infection and im- 
munological response of the donor. 

In handling sporadic cases among civilians, it was at first deemed 
advisable to segregate professional donors whose blood exhibited high 
agglutination titers against B. dysenteriae. This was based on the 
assumption that such individuals probably had at one time or another 
an infection with the strain against which they showed the highest titer. 
The scientific limitations of such an assumption were obvious but in 
actual practice it seemed to work out rather well. Through the co- 
operation of the Blood Betterment Association, the method proved 
satisfactor)' until the donors moved away or otherwise proved beyond 
control. Reliance was then placed upon monovalent animal serums or 
vaccinated donors who had been reserved chiefly for patients with 
chronic bacillary dysentery." Because of the time factor involved, we 
have found it expedient to keep fresh endemic or epidemic strains 
constantly on hand. This has been made possible through the co-opera- 
tion of various public health officials and bacteriologists in the United 
States and many foreign countries. In this manner, the International 
Dysentery Registry has endeavored to maintain a constant supply of 
recently isolated strains with full knowledge of their source and con- 
siderable information as to the associated clinical manifestations. 

In dysentery due to the Shiga organism the prophylactic or thera- 
peutic use of either commercial or human serum is indicated since the 
strains constitute a homogeneous group and are good toxin producers. 
Davison” found the prophylactic use of anti-Shiga serum effective dur- 
ing an epidemic in Saskatchewan in 1936. The Flexner organisms, on 
the other hand, form a heterogeneous group with rather marked type 
specificity and inconstant toxin production. The relative value of mono- 
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Humil/i Coinalescent Semin and Vaccination in Baallaiy Dysentery 
antigen, wliich, however, is devoid of toxic effects. 

3 — Intravenous inoculations of either broth or alcohol killed cultures 
result in higher titers than those obtained by the subcutaneous route but 
the toxic effects are more pronounced. 

— Attention is called to the "enhanang value” of a single intraven- 
ous inoculation supplementing subcutaneous vaccine administration. 

5 — Inoculation of polyvalent mixtures of 3/20 parts each of B. 
dysenteriae Flexner V, W, X and Z with 8/20 parts Y resulted in com- 
parable or higher agglutinin titers than Y alone. 

b — ^The use of equal parts of V, W, X, Y, and Z compared favorably 
with polyvalent or monovalent strains specified in conclusion 5. 

7 — The combined use of six parts of Flexner V, W, X, Y, and Z 
in the proportions specified in conclusion 5 plus two parts each of B. 
typhosus, paratyphosus A and B alcohol killed cultures proved equally 
satisfactory. 

The production of agglutinins docs not necessarily bear any direct 
relationship to immunity. These studies merely suggest a serological 
response which, taken in conjunction with serum protection experiments, 
hold some promise for tlie future use of combined TPD (typhoid-para- 
typhoid-dysentery) antigen in vaccination against these diseases. Our 
experience witli oral vaccination has been too limited to warrant any 
definite conclusions. Though based upon Bresredka's theory of local 
tissue immunity it appears quite J/kely that any favorable effects are due 
to actual absorption of toxin, with systemic response. This certainly 
appears true of the rectal administration of large doses of heat or alcohol 
killed vaccine which we have used for more than ten years. It is not as 
effective, however, as parenteral injections. 

Summary 

1. ^ Clinical and experimental observations indicate the existence of 
an acquired immunity in bacillary dysentery. 

2. Active and passive immunization by the use of vaccine and human 
convalescent serum is described. 

3. The application of these findings to the pre%'ention and treatment 
of bacillary dysentery await large scale field tests for their final evalua- 
tion. 
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CHIGGER AND JIGGER BITES 

By CAPTAIN JOHN E. WEIGEL. F.A.C.S. 
Medical Corps, U. S. Army 


The purpose of this discussion is to consider the problems presented 
to medical officers with field forces in the southern states by two first class 
minor pests. They are the Chigger or *'har\'est mite” of the family 
Trombidiidae; and the Jigger or sand fly of the family Psychodidae. 


POINTS OF DIFFERENTIATION 


“Harvest Mites” or “Chigger^' 
Trombidiidae 

1. Larval Acarid — not an insect. 

2. Crawls only. 

3. Not a blood sucker. 

4. Attaches to skin surface. 

5. Bite any time they find a host. 

6. Habitat: Open fields, grass, under- 
brush, berry patches, leaves of 
small trees. 


“Sand Fly”— “Jigger" 
Psychodidae 

1. An insect. 

2. Gnat-like fly. 

3. Female — a blood sucker. 

4. Burrows into the skin. 

5. Nocturnal in their biting habits. 

0. Habitat: Vicinity of old buildings, 

barracks, rubbish. 


Both are widely distributed throughout the warm regions of the world 
and are t^uite prevalent about the camps in the south where large num ers 
of troops are concentrated. 

Since even among medical officers these two mites are quite often 
confused, and because their bites produce irritation and discomfort which 
has an unfavorable influence on the morale and physical w-ell being ot 
troops, a consideration of the prevention and treatment of these bites 


should be of real value. , , 

At the outset, let us say that out observations have been made while 
on duty with a regiment of field artillery, and so necessarily lack labora- 

teSt us set down some points of diflerentiation be- 
tween the two, and then consider them separately. 

The chigger is the six-legged red larva belonging to the ord^er Acarida, 
family of Ihrombidiidae. The adult form is an 

which lives on plants and decayed vegetation. It docs not become 

p,a,i,e or SW 
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Chigger and Jigger Bites 

inspection of a group of men who bad not been in the heid. These men 
were entirely free of lesions> while troops in a neighboring barracks, 
who had spent part of a warm day and night in the field thirty-six hours 
previously, had a seventy-five per cent incidence of bites 

There were three distinct types of lesions noted. 

1. An indurated papule, with considerable redness and swelling, 
characterized by intense itching. 

2. A papulo-vesicule with moderate redness, induration and swell- 
ing, characterized by less intense irritation and itching. After rupture of 
the vesicle, the irritation and itching subsided gradually, but the lesions 
discharge a serous fluid for several days. 

3. A large vesicle or bleb from one half to two centimeters in 
diameter, which is not unlike the blisters seen ndth a second degree 
burn, or the trophic blisters which appear with the swelling in some 
cases of fracture of leg or arm. However, the swelling and redness 
around this type of lesion was the least of any of the three types, and 
the itching was practically nil. If the lops were taken off these lesions in 
toto, superficial ulcerations resulted. These healed rather slowly, but 
if the serum was allowed to drain out through a small dependent punc* 
ture and the tops allowed to collapse, these lesions then healed much 
more kindly. 

Only in a few instances were we able to recover the mites from the 
bites for mounting and microscopic study. We believe that they become 
engorged with tissue juices rather rapidly when active, and drop off the 
skin after a few hours. So they can rarely be found in the lesions unless 
the soldier reports quite early. Heat stimulates their activity, as the 
warmer the day or night the more rapidly the lesions developed after 
infestation. 

Prevention 

Prevention of chigger infestation is preferred to treatment. Most of 
the officers, and a great many of the enlisted men were anxious to protect 
themselves from further bites once they had been through a siege of the 
persistent, maddening itching which a group of bites entailed. 

It was first thought that wearing protective clothing in the field would 
keep out these parasites. Canvas leggings were worn by all troops on 
field duty. They fit rather snugly around the shoe, ankle and calf, but 
still the mites could get in. Because of their small size they require 
ver)' little opening to reach the skin surface. In warm weather it is 
impossible to wear clothing tight enough at the arms and ankles to keep 
them out. 
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Ch 'tgger and Jigger Bites 

Treatment 


We also found that if the sulfur cream was applied to the bites 
early it ameliorated the pruritus and hastened the healing, thus it came to 
be a useful adjunct in treatment. 

During the summer months in the south the tieatraent of chigger 
bites vies with the weather as a frequent and popular topic of conversa- 
tion. Most everyone has his own favorite remedy. Bacon rind and 
kerosene oil is the choice of the colored folks. A Virginia artillery officer 
passes on a refrain which, as a boy, he recalls hearing the negroes 
chant — 

“Got my meat skin laid away. 

Grease my chigger bites ever)’ day.” 

Tobacco juice also has its adherents as a preventive and treatment. 
Ammonia, strong salt water, iodine, collodion and strong soap lather 
are but a few of the many remedies advocated. 

There are three main missions to be accomplished in treatment. 


(1) The removal of the larvae from the skin surfaces. 

(2) The relief of the severe itching and irritation. 

(3) The prevention and treatment of secondary infection. 


To remove the larvae present on the skin, a half hour of bathing, 
using plenty of soapy water, and then, after drying, a light application 
of the sulphur cream is recommended. There should be a complete 
change of clothing as active mites may remain in infested garments. 

Since the bites may cause intense itching and irritation as long as a 
week after the parasites have been removed, it is irnperative to allay 
these symptoms and help to prevent secondary infection intro uce > 
scratching. For this purpose the lesions are sponged off with 70 per 
cent alcohol several times a day, and a mild antiseptic, antipruritic oin 
ment applied. Boric acid ointment to which has been added ten grams 
of phenol and five grains of menthol to each ounce of ointment makes 
a good preparation. It is spread on lightly and a little borated talmm 
powder dusted over the surface. It may be re-appi.ed as ^ 

control itching. The soldier is cautioned against scratching, as i pp 
to spread the lesions, increases or prolongs the itching and makes second- 
ary infection more likely. fi,« 

The lesions that became infected were usually the one 
ankles. The rubbing of the shoe tops also appeared to be » 
introducing infection. Staphylococcus wais the usual ^econdao insader 
producing a localized furuncle. However several cases ^ 

lymphangitis were encountered, evidently due to the streptococcus. These 
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Chi^ger and Jigger Dues 

places. Clearing up of rubbish around barracks and buildings, admitting 
sunlight to dark places, and filling up cracks and crevices help in keep- 
ing them away. 

Being of small size they can pass through screening and mosquito 
netting. Muslin can be used in place of netting to exclude them, but 
this is uncomfortable on hot nights when the sand fly is active, so its 
use is not practical. In rooms where an electric fan is available, it may 
be used to create a breeze which will keep the insects out. 

The repellants which arc most useful are camphor and sulphur. The 
camphor can be put up in small bags and rubbed on the exposed sur- 
faces at night. A solution of camphor, menthol and phenol painted on 
the skin is also of value. 

The sulfur cream makes an excellent preparation for application as 
the insects are destroyed by small amounts of it. Sulphur fumigation 
can be used to destroy the insects hiding in barracks or buildings. 

Sand fly fever is transmitted by one of the many species; Phlebotomus 
pappatasii. There are several of the other species which are thought to 
be capable of transmitting the disease also, however, this fever is rare 
among soldiers of the United Stales, and therefore is not a problem. 

It is an acute infectious disease, with sudden onset, fever of a few 
days' duration, headache and pain about the eyes, with congestion of the 
face and injection of the conjunctivae. There is backache, loss of appetite, 
and marked mental depression and general malaise associated with this 
fever. It is a self-limited, non-fatal disease. The incubation period 


varies from three to seven days. . , . i j 

Sand fly fever is due to a filterable virus whidi is present in the blood 
during the first day of the disease only. A period of six or seven days 
intervenes after the insect has bitten a fever patient before it can transmit 
the infection to another person. A certain degree of immunity is con- 
ferred by one attack. This is not permanent m all cases, as secon 
attacks are common, but they are usually milder than first attacks. Th 
control of sand fly fever depends upon the 
from around barracks and buildings. Known 

pletely protected, and isolated to prevent the sand fly from gam g 
access to them, particularly during the first ay o t e - 

In the use o£ sulfur in the prevention nnd treatmen *e ^ « 
the possibilities of sulfur irritation and tosoc effects must be con^.dered 
In our experience, while using the sulfur m powder form a number c 
cases of dermatitis and folliculitis were noted, ” 

intertriginous surfaces. But with the sulfuc cream 
effects experienced. Since day after day apphcat.on was not necessary 
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MALINGERING 


By LIEUTENANT COLONEL ALBERT GROVES HULETT 
Medical Jieserve, U. S. Army 

A comprehensive treatise upon malingering is impossible in this 
present study whidi seeks to invite the attention of the medical officer 
to this multiphascd problem and encourage his further study of it. 

Irreparable injustice is perpetrated whenever actual physical or psychi- 
atric ailments are misjudged as malingery; equal injustice results when- 
ever malingering "racketeers" pass undetected. The author asks the 
reader ever to remember that he does not intend to infer that malingery 
lurks in every complaint"; likewise, he asks that the omission of any 
presentation of the science and art of differential diagnosis of "legitimate 
disabilities, in the interest of brevity and continuity, be not construed as 
denoting his assumption that the majority of allegedly ai mg or is 
abled individuals encountered by the medical man are guilty of criminal 
conspirac)' or have arrived at their decrepitude through mahngerous acts. 
Physicians of long experience, both in civilian and in military situatio , 
will readily proclaim tliat pretension and malingering 
small percentage of the cares of disability they have 2“*! 

they will admit that these few cases of 

mo t difficult problems they handled-not only m the di mss 

lation where present but, equally, in properly .dent.fy.ng actual d, stress 

Ut'uT co"Lence our study of this problem -i* the <>f 

malingering proffered by Webster’s New Internat.onal D.ctiona^. 

"MALINGERING (or malingery): the act of a or 

feigns himself sick, or who induces or protrarts - ^ “ 

avoid doing his duty; hence, in general, one who sh.rks h.s duty y p 
tending illness or inability. 

Such is quite clear-^r far nr /r gocr-but a rnomen^s cons,d=mt,cn 
serves to show that it is incomplete an . service, which is 

misconception that such act is ™ p„rlhermore such defimlion 
patently contrary to accumulated evi ence. It is equally 

actually covers only one-half of the daman f S ^ 
malingery, and of equal import, if a person endeavon to eg 
in order thereby to gain some advantage to which, in truth, 

“titled. , , . (Uj casual observer ap- 

Malingery is actually mote w betimes, to a 

predates; each and everyone or 
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bcTisS:; “‘i - >1- f.£„,ng of 

-officers .tweposses^dlrshi^ur!:'"" commissions 

we did our utmost to conceal nr^l ^ J'sability, however trivial 
matrons All who have had exDe,f““"‘u' 
accident or life msurance ^“'"P-^tlon cases 

or damage claims have encounter I "* negligence cases 

was being practiced either bv the I wherein malingering 

the defendant to reduce or e^a^ thtri'° “ bf 

much publicized cases of ambuhnee ItnlSment sought The 

essentially projects which re,:, -cident rackets are 

I well recall the claimant a for success 

tt Jnhgment of $] 500 for fears ago who 

he right wrist consequent upon an auir""^ Pe'^^fent ankylosis of 
“ leh to attend her Ldicairi late, when 

ms, s ent ‘•'e" discovered Z ™™t,l wrist M, 

for 1 ? simulation of the Aliened Tf ‘'““'’'e Jomted and had 
Payment upon her honf eformit; to procure the cash 

wtCukr 1 

fongtrr P-«.ced where 

despite “"o “"“-esTo"d:r,fh“' 

eld :'"ZTr 

"f such ccnLlment 

the examiner s alien, “mpaign of nee ^ “oapable 

S“ch.„stancls ma!^r “'t-n thfdetSTTr" °f 

his utmost skill aL*^::: ™harrassing to an^e **'' “‘"’"'S'tte 

Not infrequently '‘^'1“'- 

employment or assfgn^e:::? ' '* "““«■>« or fo 
power to conceal o u "‘to some soeciai ^ some type of 

ter those X 1 e „rs™u"“">“'‘ff»nrfL 'J- "" =*“ “ ‘heir 

damage claim S^ng^h Sis^TX We encoun 

or accidental injury whert f dmect re:ui:^Au““P'"““°'' 
long prior to the causative oSs such defect to h”'’'”’'”™' 

or concealment of defer+« ^‘■^S'on alleged Tf, existed 

hon of any suc:as‘'a1Xd“. nXm 'P ~ add Set 

Anything from ingrown toenLrto f n““ Possibility ”‘'“‘«P^ota 
320 “ '"^'’‘“'“‘‘ybesimula’ledor 



concealed, and may concern any of the functions and structures of the 
body, depending upon the requirements of the specific project attempted 
and the knowledge and skill of the malingerer. While some pretensions 
may readily be detected, there are those referring to particular organs, 
functions and structures which only the most accomplished expert with 
specialized equipment can recognize and expose. Hence the problem 
of malinger)’ cannot be brushed aside as "a routine matter for determina- 
tion” and nobody need feel unduly disgruntled if, betimes, such an 
imposter succeeds in evading detection by him. T/je wisest of men are 
those who admit they can be fooled but see to it that the same trick 
does not fool them too frequently. 

Let us now consider some forms of malingery commonly encountered 
in militar)’ situations and outline the proper means for their detection. 
Pirst we shall study those situations wherein a simulation of health and 
normalc)’ may be attempted. Many different impulses may cause a man 
to seek acceptance into military service despite disqualifying defects he 
knows are possessed. Other than pure patriotic motives, it may be a 
desire to emulate the enlistment of relatives or friends, the desire for 


the educational and occupational training the army affords, or the 
promise of good food and housing and a steady income with escape frotj* 
the highly competitive environment of civilian communities. Again, it 
may be a conspiracy to attain army acceptance in order, later, to obtain 
a pension or disability allowance by then revealing the defect or dis- 
abilit)’ and setting up a claim for such as having been acquired in line 
of duty.” 

To attain admission to "special services” with higher physical require- 
ments, even more strenuous and crafty concealments may be attempte . 
Such are witnessed in examinations for West Point, Annapolis, t e ir 
Corps, or Submarine Service. Even if the examiner discovers a defert. 
despite the effort to conceal it, such a candidate will often argue its 

insignificance to the point where you will almost be persua e ' ^ ^ 

such from your report. Beware of such pitfalls, for the defect is certain 
to be revealed by a subsequent examination and the mention ot your 
miscue will not improve your "201 File” when commentary ereo 
reposes there, as it inevitably will. _ • , 

Lastly, when a command is about to change station, or a casual 
group of officers or enlisted personnel is preparing to tra\e en , 
a member of such unit or group who is then in hospital or on s.ck cal . 
realiring his predicament, will often feign recovery so e j 

mitled To traT^I with such party. The very 
officer or soldier desires is to be "casualed away from his a.s g 
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and thus lose contact with his comrades A similar situation will obtain 
at the time of discharge from the arm) when a man will want to tratel 
home with his buddies I witnessed man) such episodes in the latter 
months of the First World War 

Man) of us ha\e encountered examinees who had memorized the 
letters upon an e)e test chart or who sought to punch a pm hole through 
the blinder affixed o\er their one goo<l eye during such testing Like- 
wise, we ha'e met those who drugged themsehes with opiates to estop 
a diarrhea, took barbiturates to reduce an elevated blood pressure, digi 
talized themselves to correct a tachycardia, used atropine, sulphanilimid 
or an astringent to suppress an urethral discharge, or conspired with 
an onlooker to prompt them during a sight or hearing test Likewise, 
W\e have met those who dented a prior serious illness, even though its 
scars or sequelae were still evident Pretensions to normal health by 
ihose actually afflicted with functional ailments is, fortunately, mfre 
quent during routine physical surveys, for such are almost unidentifiable 
except through prolonged observation I recall one such instance of 
unique interest that of an enlisted man of the regular army who re 
mained m active service many years eventually becoming a Technical 
Sergeant, despite the fact that he was an epileptic His attacks of grande 
mal epilepsy always occurred at night and his barrack mates collaborated 
with him m the concealment but, when eventually he suffered such an 
attack while engaged in a night field exercise, his affliction was recognized 
and his retirement followed However, he receives a pension to this date 
The younger medical officer has yet to learn that it is the usual 
occurrence when an enlisted man or an officer of the Services — who is 
a real soldier at heart — develops a disability or defect which will cause 
his compulsory retirement, he will frequently endeavor to hide such 
disability and, when detected, will 'move Heaven and Hell to have 
such disability waived Such instances are sad indeed and requite both 
skill and commiseration for proper disposition Recently, a high ranking 
Reserve Officer, m similar situation, and after having failed to secure 
a w aiver of his disability after successive importunmgs of all the military 
authorities political friends, and others he could approach, asked that I 
advocate such waiver to the Surgeon General, since he knew I was 
assigned to S G O and inferred that I might possess "mfiuence ” Obvi 
ously, I declined but my refusal had to be most adroitly worded lest it 
be misconstrued and eventuate in undesirable repercussions I am cer 
tain that other medical officers of the senior grades have had similar 
experiences to my own whidi show tfiese problems pertaining to various 
types of malingery ever more numerous, intricate, and more try mg to handle 
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Let us pass now to a consideration of that form of malingery wherein 
the intent is to simulate a disease or defect, or prolong a disability, for 
the man’s own selfish purposes. Such attempts are now being encoun- 
tered in the physical examination of enrollees under Selective 
as they were in all former wars when conscription was insutute . 
draftee, if a ’slacker,’ or desirous for any reason of postponing his entry 
into the military service, will first set up a formidable array o 
for a deferred civil classification — such as alleged epen en s, 
ment in an 'essential occupation,' financial obligations, or w ^ 
and, if all these fail him, then the tribulations of ^ 

begin, and they do not cease after his induction m o e 
proven malingerer will ever thereafter grasp every ®PP°‘' ^ 

duty and so a succession of pretensions must be expe e o 

as he remains in the army. In desperation, such maling er j^ 

times proceed to bodily mutilations to disqualify t 

service. Instances wherein a man *“PPy“p his^ teeth extracted, 

hand, a toe or even an entire foot, has h caustic 

punctured his own ear-drum or blinded one e) chemical or 

alkali, has produced a rectal, oral or nasal “'f even 

mechanical agents, has slashed a “"y" ’",yiy description of such 

deliberately fractured a limb, are on reco . ( 

occurrences in the Penal Colony in French m medical 

■'best seller,” "Dry Guillotine.") Hence, ■' f has been 

officer to determine whether any deteOTination tests the 

intentionally and criminally induced. Upo -if.-on 

legal status of the examinee and his proper to avoid 

Similarly, soldiers in service may commi jp adiicve dis- 

participation in a battle or escape a ujjjjy \vitli its resultant 

cliarge from the service for permanent- jnstances are numerous, 
pension. While it is not to be inferred that su jnalinger)' which 

it is to be stressed that they do occur and that e 

escapes detection perpetrates a .jen upon the taxpayers, 

deserving soldiers and imposes an . cubicct is denoted by the 

Official recognition of the importance of tli« ^ .^ncl 

section thereon which appears in the ma * ^ inclusion o 

Appeals Boards under the Selective medical officers, 

such subject in any approved instruction Jetected by catching t ic 

Deafness is commonly simulated an m adroit use o 

malingerer off-guard by a process “^diict obscrsctl ''■^‘'^ ^^*'‘'1' 

a stop-watcli, or by having the suspects candidates 

ing his turn for another testing in a roo 
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with whom if possessed of normal hearing he smU con\crse 

A pretension of blindness except as to color perception, is %er) 
difficult to evaluate and when such malmgery is suspected, the candidate 
should be referred to an ophthalmologist for detailed testing Color 
blindness when feigned may readily be disproven by the adroit use of 
colored lenses with appropriate colored test cards a tedmique which 
never fails to uncover the simulator An ingenious trick, recently em 
ployed to detect and confound a malingerer who was pretending an ex 
treme presbyopia is worthy of realal This examinee declared his inability 
to read anything smaller than No 10 Jaeger Type The examiner, in sym 
pathetic tone observed that such defect warranted a prompt certificate 
of disability and thereupon proffered to the examinee a purported form 
for such certification asking him to fill in and sign the same at once 
This paper printed m No 2 Jaeger Type had «o reference to such mat 
ters and the examinee promptl) remonstrated that be bad been gnen 
the wrong jorm thereby proving his malmgery Many similar detection 
methods will occur to the reader and may be utilized ad lib 

Malingerous production of corneal opacity cannot be identified as 
such unless the examinee can be induced to state a specific date place 
and cause for the appearance of the condition A full inquiry through 
reliable civilian channels may then uncover the falsity of the history 
recited and permit proof of the perfidy 

Malingerous punctures of the eardrum (or tympanum), when made 
by an amateur will not occupy the same area of the tympanum as those 
due to spontaneous rupture nor will they ordinarily be accompanied by 
the usual signs of a protracted inflammatory process Their recent origin 
will usually be obvious and the accompanying abrasions of the external 
auditory canal will suffice to suggest the use of some mechanical agent 
by the malingerer 

Extraction of teeth en masse declares itself if recently performed 
and an inquiry of the dentist alleged to have done such upon ethical 
grounds should readily elicit condemning evidence However, m cases 
wherein the teeth have not been surgically removed but have merely 
been broken off at the gum line and a claim of accidental injury is made 
as the explanation thereof it is well to recall that there is scarcely any 
conceivable accidental mechanical trauma which could fracture all the 
teeth — or any considerable majority of them — at the gum line and yet 
fail simultaneously to fracture the jaw and also leave definite evidence 
of gross trauma of the soft tissues of the face chin or neck 

Ulcerations of the nose throat rectum genitalia or skin when 
chemically or mechanically induced may be detected as such either by 
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gross appearance or through biops} or bacteriologic study, and ^ 
substantiated by adroit inquitj- after receiving an alleged history of te 
disability. Such technique of inquiry as to the detailed c hmcal h. to^ 
applies equally to many other types of simulation, for t e 
knows the precise and usual clinical course o even our commoner 
diseases and defects and so, in his fabrication, will readily 
Tachycardia and bradycardia, induced by tup, 
ing from benzedrine sulphate, or hypotension induced by ‘ V _ 
or other agent, can all be identified as mal.ngerous by ^ ‘ "'"S * 
examinee for a protracted period under supervision, » 'b^ 
of the drug may wear olT and opportunity for ine^ero er- 

OccasionaHy it will prove wise to retain => 

night to definitely evaluate some alleged f suspected 

necessary betimes in the service to prolong the hospitalization susp 

malingerers to achieve a proper determination. produced by the 

Diatrhiea, or dysenteric “ elk SuA malingery is 

surreptitious self- administration of cath g operations, for 

not uncommon in army liospitals within nreferable to the mud 

the hospital patient finds his situation therein p more 

and missiles of the combat zone and h.s food anj^quarter 
luxurious than in the field. He may t lere feasible to him. 

sojourn by this, or any °‘b'r pf an Hospital Group 

Thus, while serving as The Labora oo „e had an entire ward 

in France prior to the Armistice o\ \9 . assienment of two trained 
of dysenteric cases of undetermined ongi , uncovered the fact 

obser\’ors (camouflaged as patients) to "C.G.” from 

that those patients had bribed a night ^ oarcel them out to each 
the medical supply storehouse and mg t chance of ward per- 

inmate. The unearthing of ” .yajescent camps of the entire 

sonnel, and the prompt evacuation to pamless. 

patient population followed soon t clinico-patbolojica 

persisted, afebrile diarrhoea, mtbou should be suspected t 

evidence as to its nature and cause, m 

another reason be substantiated. criminally induced b> t e 

Bronchial inflammation and coug ® atomized liquids, or gases^ 
deliberate inhalation of irritant fumes, » value by exc u mg 

Here the pathological laboratory will be suspected ma- 

infectious kseases, and prolonged “b"^" the disappearance 

lingerer under controlled conditions ' 

of his seemingly serious affliction. ? „estion of latge doses o pi 
Jaundice may be simulated by t e 
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acid or picrates The yellowish color of the mucous membranes and 
skin thus induced is, however, not the same as m a true jaundice to an 
experienced medical examiner, and the detection of picric acid in the 
stools and urine will identify tlie malinger) 

fissure is rcadil) produced bj medianical means and maj be 
difficult to label as malingerous, unless die recitation of its clinical bis 
tory condemn the examinee In one such recent instance, the medical 
examiner, having been told by a malingerer dnt the fissure had been 
present a long time, frightened the examinee into a confession bv pro 
tending that he deemed sucli a long continued state to be probably 
malignant and would therefore order him transferred immediately to the 
hospital for surgical operation 

readil) be produced b) the injection of irnta 
u.n I f ? ^£ain, the laboratory survey of smears 

m the to. Arm "■“' ■" 'Vorld NVar, both 

aArredAnorth^r Z' T' ‘‘rafees 

h 1 nes S ch o-V^ behind 

changes m^mVrSrCLAsVri'^lT^Al'^r" ‘’f’ 

aonorrhffia elif?iSI<* cn en K i sufTerers from active 

ited to Xas pTssIbll Tncr:: " " H 
organisations and treked at’the mem would be retained within their 
hospital ,t was found that h-e 1" one B E F 

highly infectious gonorrhmal divrh^” P°“e“ed of a profuse and 
neighboring bedfellows at so of it to their 

who were AoveringToo rail r “ *'■' buyers 

aid of a toothpick reinnoculle thpm'7*' '*"^0 ‘“‘'=^™‘Sht with the 
m bhghty Only constani A prolong their stay 

wards can estop such a nrartl surveillance over venereal 

deliberate acquirement of the d!f ^'r* '"oculation as also the 

IS not malingery m its most strict 'sense 'smeeT" 
a serious disease thereby Yet u actually acquires 

intent must be treated as such from having a malingerous 

anticipated and strenuously discouraLT standpoint and hence be 
there are some men so intent we must admit 

that they will accept even a severe ailm escape military service 

attainment of their goal * necessary evil m the 

The immensity of the venereal crnKU 
came apparent during the First Draft of age be 

or 1917, and continued to prove 
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a ptincipai cause of Mays lost from disease during the progress of our 
subsequent campaigning. The change in physical standards authorizing 
the induction of such eases into ser\-itc whidi could be rendered effective 
by treatment, and the ofTicial adoption of compulsory prophylaxis, with 
Courts Martial procedures against those not compl}ing t ereui , 
sought to remedy sucli situation. r>r^»r 

When the A.r..I-. was preparing to 
was promulgated prescribing that no soldier with an m ec lous 
disease was to be discharged or returned home bu ssou ■ jij_ 

until rendered incapable of spreading the infection in our cmhan 

communities. ^ Armv 

Statistics from the present Selective Sers-ice Exiimming, ^d 

Induction. Boards arc not )xt available but ' ^ g Health 

such will prove that the intensive work ot i • • j ^he 

Sett-ice and of out S.aic and Municipal Heal.lr Author ■es dut.ng^*= 

past twenty years have made venereal diseases 

tion. Reports are appearing upon the a^ui |„f,£tions continue, 

by men now entering the military sertic ^ ^ standards and 

we may again find revisions necessary i P > reestab- 

handling of this problem within the ..ajnps possibly 

lishment of special venereal hosp‘“'* rnaltalions.' Much more 
again camounaged by the title of ^ tut our main thesis 

might profitably be written upon this cruc p 
will not permit such digression here. tendons and nerves will 

Various disabilities as to muscles, )Oi . such cases, the history 
also be simulated in certain instances but, m ^ observation of the 

plus an adroit scheme of examination ^it 3 surveillance 

examinee while dressing or undressing— and un 

— will reveal the deceit. . jnfreauent amongst draft 

There is another class of deception , soldiers, where- 

examinees but reasonably frequent to quarters, 

by they seek to attain admission to hospi a , ^ escape combat, 

or prolong such disposition, to avoid some a jjjijke upon persona 
or to become lost to a unit or a comman ® , overworked therein, 

grounds or because they deem themselvM to sunu- 

These techniques, practiced by the actu J produce a seeming 

late one or more symptoms of a Their number and type are 

lack of full recovery from some disability'- sustained obser%’aUon 

both legion and their detection rests large y ^pon the part ot 

under controlled conditions, plus ® surgeon. Examp es are. 

the company medical officer and the o P 
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the tubbing of the clinical thermometer against the csoolcn slirrt to 
elevate its column, or the holding of an hot liquid in the mouth lust 
prior to the testing of the mans mouth temperature, the ssillful pro 
longed retention of urine in the bladder, contortion of 'double loints 
to simulate dislocation, the simulation of hoarseness, self induction of 
vomiting, and many functional derangements of the nervous mechanism 

one « 

possesses little if any, capacity to immediately identify malingery, hence 
arftho's! "-ro-Shoft your careers First, there 

cramuX “f headaches, neuralgic pains, 

enln form *= ^ars, 

leBed^uerd,r rri encounter al- 

l. Z-m-s,- "' s iS'..',:. iS'l.,'; 

to clinical or laborato^ evidena which canT"’ I'’"' “ “ 

determinations we must relv Ln 1 ^ 

symptoms, plus prolonged obKrvMionuL? ““F “ncomitant signs or 

've may be aided by the recited eonditions Also 

made of his associates or nr j ? condition, or b) inquir) 

‘t . -portanHo «cau S su"cf PO^-ble lLi?. 

nients may actually be foremnn transitor}, and trivial ail 

ment or mental disease which,"f 

and intensive treatment cterted, may respond to proper 

mitted by some hospual 'pat°mts"to'''' 7"^’ malmgerous acts com 
are however, readily detected Th ^beir convalescence which 

of splints or dressings, overdosinn the willful disturbance 

a toxasmia, removal of bedclothes pr^cribed medicine to induce 

with smuggled intoxicants the md rl'* * febrile reaction, inebriation 
or even the cutting of sutures anrt i states by sedatives 

were witnessed by the author in more- 

It IS indeed devastatmr to recount, 
not possessed of manhood, and that th ‘“i,“" ““ 

of some of our fellows is invisible m ,u backs 

We must not leave the sl« “ft T''’"' ‘’™“ 

of malingering without a cons.dera 
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tion of two conditions which, m tlie First World War, out medical 
examiners and medical officers were not adequately successful in detect- 
ing, thereby imposing upon the Veterans' Administration some lift) 
thousand cases whicii it carries to this day at huge cost to the nationa 
treasur}-. Obviously, I refer to the Psychoneuroses and to Hysteria. 
Only prolonged and expert observation will suffice to detect many sue 
cases. In a brief survey by an examiner untrained in psychiatry, many 
a mild or incipient psychosis will either be overlooked or will be mis- 
branded as malinger}’ and bustled into service to later own, 

under the stress of military' life, into an obvious and incurable 
Yet, many sucli mild or prodromal cases, if rejected, wi con inue 
death to be no more than ’eccentrics.' If and when such an inductee 
develops an active psychosis, such man will have a proper c ^ 
his disability is definitely "in line of duty and incident to e 
service." The government will therefore have ^Jnhistice and 

and support his dependents as well. Thus an taxoavers 

damage will result botli to the individual, and also o P 

which no amount of regrets will correct. ,..^„^_:,testheserious- 

The Medical Director of Selective Service full) , auemented 

ness of this very problem and, in the recently 

plans for the psychiatric surv'ey of enrollees, ° and 

under existing conditions and facilities— to pov 

competent personnel for such determinations. jnclud- 

present scheme proves sufficiently elTective but e Although the 
ing this astthor-svho choose to delay the.r 1 “^“ it 

well-developed and active psychotic could scar P , . many 

remains to be seen whether, .^‘’'"',.““*“'‘f“e^ogn!tion because the 
borderline and prodromal conditions w iH 1*1 skilled 

period of observation is not yet sufficient > Unless, because of 

examining personnel available in proper quan 1^^ essential that 

an imminent invasion threat, speed in mo ' ^ gj.„gj,t necessity, it 

any and all risks incurred thereby be justified oy enrollees 

appears to many observers that the ? tiiolonze^ ohserra- 

ifitb the LEAST suspicion of psychiatric defect / / 

tlon period xvould, in the end, be a wise course. the justified 

Some medical men, as well as many those who know their 

apprehensions as to psychic ‘‘-';“fl\';l!&recentlydedared. 
possibilities. Thus, a senior Medical “ "ie^tion of psychiatric 

A psychiatric specialist is not needed ‘ . reasonable expcncicc 

cases amongst our draftees; any dvUian doao^^^ God it 

can promptly and assuredly diagnose any 
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were so' (Incidentally m civil life that man is a surgeon ) 

Our final study concerns the status of Hysteria and its relation to 
Mahngerj Such affliction often presents a most difficult problem m 
differentiation Concisclj we may state that m hysteria the symptoms 
possessed or alleged by the complainant are innocently acquired and he 
truly believes their actuality and seriousness whereas in mahngcry the 
symptoms ire simulated or intentionally induced Thus ihc one rr a 
mentnl defect the other a criminal consfiracy rmthcrmore one or 
more of the definite and well known pathognomonic stem of Inslerta 
will be found present at all times m such affliction Hence we must not 
flTa .““j malingerer until i most careful search has 

tailed o discover any of these signs rnd we have satisfied ourselves we 

Lnv a’^d ” i "’■= of bts com 

se“L he ri 'T“/" “PO" «’= "’td-cal 

ttmlv If ald’^lT' '» non combatant or mdustr.al 

roml of ffiese cts 

mallX' tecZ; Thlnrtre'dt 

of our Military Medical Department 

effectives m the combat fotcr'a"' all ®"T' 

treatment m the shoitest possible interJr “‘*,'0'''“'" 

to active military capabditv_and "bo “n be restored 

adequately to any disabled^nr II ^ ^ responsibility to minister 

dut; until he be^uUy fiti” "ot to evacuate him to 

many difficulties m the fulfillme^t'otTurf ‘‘’x"’'' 

ever alert to surmount * ^ ' mission which v,e must be 



SHAJIMING iMGHT-BUNDNESS 

By N. BISHOP HARMAN, M.B., F.R.C.S. 

Eye tests are of two orders: objective and subjective. We can exam- 
ine the eye in all its parts with our ophthalmoscopes an ot er ins ru 
ments and walcli certain reactions to light which are uncontro ^ ^ 
the mind of the subject. But what the detailed vision ° ^ ^ 
be we cannot find out except by the voluntary response o e su 
There are occasions when the objective findings an t e su jec 
sponses seem to clash. The eyes of a subject on examination may pp 
quite good in every detail, yet the visual response may e po • 
possibility of checking the visual response by special tes s is ? ^ 

of interest and present-day importance; it is particularly s B 
seeing in a minimum of light— night vision. „ouire the 

To-day there are many branches of jo ™rk that 

Citizen, whether a civilian or a member of the be » dancer 

entails ability to see in the dark. Inability to do enhiect be truly 

to the subject but also danger to the community i a 
night-blind or partly so. Is this inability always real or may it be 
times false? How ate we eye men to find out? 

Shamming Bad Day Vision 

Something of the same problem arose ^'^“l°j"g„^‘*serv1ce. The 
"'ar in the examination of men called up fo v 

eyes of a subject under detailed examination o enabled 

but the visual reaction was poor. Then i devise a test 

the examiner to check the visual reaction in some me ^ y^orkmen’s 
has since been of much value in examining patien s c ^ ^-orse than 
compensation for eye injury whose visual reaction 
the state of the eye seemed to warrant. The test is as ° same 

Two Snellen’s test types are fixed one .g jg jetted. On 

board. On one side the regular range from / arrangement 

the other side the types range from 6/36 to / . ^ general app^ar- 
these slightly smaller types matches in 1 test type; 

®ace the normal set of types. The patient is s o exposed; if 

he reads three lines: V=6/24. Now No. 2 tes yp convicted 
he again reads three lines his vision is really / jg easy 

inconsistency and suspected of shamming e cie 
to apply and has proved to be very useful. 
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Shamming Bad ^igbt Vision 

Checking suspected shamming of bad night vision is a much more 
difficult problem If there is found m the eyes of the subject density 
or opaaty of the media, or very small pupils that do not dilate, or defect 
of the fundus oculi then the deficiency is likely to be genuine High 
errors of refraction and the need for thick lenses ^sill also make it 
genuine But in some cases there is good daylight vision, no discernible 
sign of defect on the objectne examination of the eyes, and no general 
defect of health or nourishment to explain the poor night vision reaction 
1 here may be as complete an absence of any ocular evidence in confirma 
tion of the night Msion defect as there is of anomalies or lack of colour 


„ "A the daylight test described abose it 

test at to make it a 

m taZVir TT"r“ This can be done in two ways 

I Flrfi, the test’ 

has a tiroiection Tb candle box enclosing the standard candle 

on .he’^“d l et 'ff 

can be chosen so proof paper, the density of this film 

be increased^ Or the light may 

adjustable reflector can be'heuf ® 

can be made so that the torch S'’' ctllitttment 

meteases it three or four times * * 'enforces the candle light and 

be changed' T^c”noimI{7»^' “t 

■nch .n®separl'„"rm^C“r,^" 

Tlicodote Hamblin Ltd ) there is smr 

of the base board beh\cen disk f.rn ^ « enough on the velvet surface 
to It another set of disks fmt ^ ^ ^ allow to be pasted 

and separated by i/ mch Th of K *och in diameter, 

the candle light can be suddenraltLerh'"'!'* J'stinction of the disks m 
the cximination turning the test cover during 

Tlicrc are then three wavs m^vh.ri. »K . 

cult or more easy If the subiect ^uK k j 

disibihtv he will show tins m Ins ^i^ion is genuine m his 

Wbrn the hglit is less his iisionwiH 'ariation of the test 

he Mill see much better and at a nren T’ " brighter 

somenliat belter when he is shown .he^la^er'^iskf t, 



Shamming Night-Bltndness 

subject whose response to the regular test was only 2.5 metres was 
tested this way. (The average response of normal subjects is at 5 metres.) 
After a full dark adaptation the varied tests were made. He could onl) 
count the disks in the reduced light at 1 metre; he could count them easily 
at 6 metres with the added light; he could count the larger disks in the 
usual fractional candle-light at 3-25 metres. There was thus reasonable 
consistency in the reactions of this subject to light variations, so the 
night-vision defect was considered to be real. In making these variations 
of the test In suspected cases it is desirable to have an assistant P 
the examiner manipulate the test. The examiner should stand wit t e 
subject. Between each grade or alteration of the test the ejes o 
subject should be covered, so that there will be no actual observation 
of the changing of the conditions of the test. 


Conclusion 

Applying tests to check subjective vision reactions 
on the part of the examiner. It is a trial of wit against wit. e 
one of the pair, examiner and examinee, will win the tna , u 
normal reaction of a medical practitioner; he is always a« acute- 
lems in diagnosis and the interpretation of symptoms t a e 
ness of judgment. 
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By^VILUAMH DUNN MD 
Aew lor/ A 1 

It IS the purpose of this sunt) to examine some of the problems 
uhich face the Selective Service Lxamining Boards and the mihtar) 
medical officers in dealing witli persons who arc classed as pS)chopaths, 
psychopathic personalities constitutional psydiopathic inferiors or under 
any o£ the other ten terms applied to tins rather heterogeneous group 
of socially maladjusted persons These persons base been chararherrzed 
as making up one of the most disruptise elements m society This holds 
true for peacetime and their potentialities for trouble making arc con 
sidetably enhanced in a time of national emergenn ashethcr they arc 
m the armed forces or still at large in the ciailian population 

Before embarking on a discussion of the psychopath in his reaction 
0 military life it will be necessary to make some general remarks about 
fusion^uh c'™" necessary because of the degree of con 

00X10^/* still considerable 

the 0 LhLaCr ''®“i ® concerning 

boun'^dLies^of the” group “ “"’“‘"“’s'' defining the 

ordiTanh srfJrL*/' “ not necessarily psychotic or 

cases psyAotlc ep.idToccTr'XVtctopatr.s X"’ "’'’"f' 

irii; rh 7 psyr„pXX symptoms But ordi 

which we are accuLmed to U^'He^''''l 
form neurotic symptoms Fnrih ^ 

produces suffering unhant, *J“s “cting out very frequently 

wery little conflicf guilt feehngot ."i ‘’'"S' his environment with 
much in contrast to the usual neXX ‘"® 

be feeble minded but this is not n '“"'“n The psychopath may 
may find chronic alcchoTcs anTdLTrddt " “""“P 
and sexual deviates among the psyfhoMm, crimmals and delinquents 
necessarily the case In our omnS „ ^ ‘S not 

mg people within this group lies m dT P°s classify 

are dealing with those® X iall" ’‘"'‘P ’ocial behavior We 
action > with the consequent de«Ci“ PJ^T 'T‘T 
pathological social behavior ■ ^ ^»n.cd y devia^^^^^^^ 
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from childhood or early youth and while they may develop physically 
and intellectually in an entirely adequate fashion, a particular type of 
emotional immaturity persists. This xs represented by the tendenc)' to 
act out and by the strong drive to seek for immediate satisfactions and 
pleasures without regard to the future. In the drive for this immediate 
satisfaction, the psychopath shows little regard for his family, friends or 
even his own welfare as measured by future gains from deferring his 
impulsive action. One can agree to Levine' s“ definition of the psycho- 
path as a person who is not necessarily psychotic, neurotic or feeble- 
minded, who attempts to solve his environmental and internal conflicts 
by preserving the primacy of short term values and acting out. If tMs 
type of reaction is to be given the dignity of classification alongsi e t C 
other great groups of mental disorder, it attains that position on the 
basis of this identifying quality of chronic and persistent socia ma a 

justment.® 

It has been widely assumed that inborn constitutional factors p a) 
an important role in these reactions. To a considerab e ... 

evidence for this is circumstantial.’ Certainly we find Psychopaths witn 
obvious evidence of constitutional organic inferiority often . 

by mental defect. But this group would be very much m the mmo y. 
The majority will show no marked physical anomalies j" , 

defect. Many are rather superior physical .r -. fan,ih- 

intelligence. In many cases, one may find a history o ps) difficult 

traits. But even here, as in all personality disorders, it is o 
to distinguish between hereditary factors and the I'^nce 
pathic personality of the previous generation on t e 
develops in this direction.^ We find a considerable 
m which there seems rather a good family history an o . 5. 

m the person’s behavior pattern of his reaction to period- 

sures which have begun to exert their effect ^ J not striking 

institutional factors are certainly important bu j- „-osis on that 
^nough in many cases to enable one to make an easy' diagn 

liarlier, we presented some of the criteria ^\hidl jus nr«f/it 

psychopath in a separate classification. Now wc . sjnicturc. 

2 somewhat more descriptive picture comments 

isher® presents such material in his tentative^ lowered threshold 

°n the psychopath's defects in wdll and incapacity to 

stimuli; his egoism, impulsiveness, ^ adjust to. or profit 

^onform to ethical or social standards; inability in relation 

•^y. experience. For a further description of the p . 
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to his environment, we ma) turn to Karpman® He points out their 
hardness even in childhood, which is so mucn in contrast to the sensi 
tmty of the neurotic child the resistiveness to training and discipline, 
rheir difficulties in school in accepting teaching and in conduct, their 
early tendency toward emotional instability and delintjuency, their bull) 
mg cruel and tiicky attitudes toward playmates From their early years 
they are unable to defer present pleasures for future gams and in satisfy 
mg their immediate desires almost any meins justify the end no matter 
how unscrupulous it may be or how much suffering is entailed for 
relatives or friends Consequently, they are in constant conflict with 
their environment but never learn to profit by experience They seem 
unable to exercise foresight in avoiding the difficulty from uhich they 
ave just been rescued And they are almost always in need of rescue 
rom some unpleasant situation but they are without sentiment ot nrat. 
tude and are apt to repay kindness with a mean action As they are 
swep by gusts of emotion and beset by their infantile primitive in 
tetual drives they cannot persevere in working toward a goal This 
reLloL^°T ’'if'^r"‘^ changing ambitions with frequent shifts 
nuatoisT, t 'hey are so stubborn and unyielding to 

suneriors over n t? frequently come into conflict with 

But wi h III H, ‘‘"'hatged or leave m high dudgeon 

we 1 rid weUeIo'’riu employment, they frequently live 
rio findr easvT K S''b and convincing talkers 

among the oatholo 1 I* population, they are represented 

military milieu°we*’*OTld makl ^ 'he psychopath in the 

type into subgroups This *°"’e attempt at classification of this 
the various studies'^ condensed inThl “ evidenced by 

cording to him Kraepelin Ik! some s ’’“""’Se' Ac 

ten well defined types'^ and oB, subgroups, Schneider gives 

more Tor the pm^se I? ''ho give even 

shall use Partn'dge'r wmk pl'lr^f 

organized sub groups which mcoiporatelh'"® “'"'"hat loosely 

large group of writers whose wo* he stad"'r’'t7'’n 
he the inadequate which would mdude Ih ^ 

weak willed and the asthenic Patlride^ n 'h' 
included here might not he too secnrelf J °"',,'ha' '"a"/ pcr“"s 

class some of these cases wrth the neumh^”*^ “ °*u'’ ™‘Sht 

“curotics or in such categories of the 
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f schizophrenias. His second group would 

rl I k emotionally unstable and egocentric and would in- 

ude the contentious, paranoid, explosive, excitable and aggressive 
ps)chopaths. Finally, in the third group, he would place those who 
ate most flagrantly anti-social— the liars, swindlers, vagabonds and 
sexual deviates. 

From die point-of-view of military psychiatry, the group is well 
vort review. In the World War, of approximately 72,000 neuro- 
i*\f *^^^**' cases returned to civilian life from our forces up until 
1919 9 per cent were classed as psychopaths. Nearly all neuro- 
psyc latric cases evacuated to the United States from the American 
xpeditionary force in France passed through the hospitals at Savenay. 
n t us hospital group 10 per cent were psychopaths.^ Baillie made a 
^port recently on 200 neurological and psydiiatric admissions from the 
^nadian Army Service Forces of the present war. In this group of 
consecutive admissions, seventy cases were diagnosed as constitutional 
psychopathic inferiority — tliat is 35 per cent of the number. Alcohol and 
contributed another nine cases.® In a recent newspaper 
.^®c)Iey of the Veterans* Bureau was quoted as critical of draft 
2 r s in the last war which, he said, swept all the “ne’er-do-wells into 
6 Army on the theory it would “make men out of them.” His criticism 
J'uld seem justified by the figures quoted. But it is not entirely a matter 
ocal authorities following the rather common cultural attitude that 
ocia deviations may be successfully controlled merely by the imposition 
sufficiently rigid discipline. There is a considerable difficulty m de- 
these registrants under the conditions necessarily existent in t e 
active Service examination. A more generous time allow^ce w 
f examination would not completely solve the problem. Difticuity 

hif' P^5^‘"“Iurly from the fact that the psychopath tends to act out 
rather than to express them in symptoms as t e neu 
Deraf- ^‘ugnosis of these states an adequate social ^ 

The psychopath is not apt to reveal his difficulties w ^the 
voluntarily. The possibility of obtaining ao 
unt of social history is limited. „fMection 

of convincing regarding the now to 

review /^^‘^^°Puths in these examinations it woul ^ discipline, 
ome of the literature on their conduct and Navy 

comments on the strong appeal w'hi^ t ^ the 

psychopath and on their ^.;th Army 

repyl .. the consequence that they' come i jpeaks of the 

'°ns or else desert on slight provocation. 
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ps)diopjth as frttjiiciiil) mil mg a i^r^t impression of siipcrficul bril 
innee, enthusiasm iiul perhaps showing some transnorj claim to leader 
ship, but soon demonstr iting hts msrabilit} and thangcablcncss In Ins 
opinion, the ma)ornj are cvcntuall) dis!o)al to an) organization and, 
b) reason of then suggestibility, may cistly l>cxome tools of propagandists 
for spreading seditious doctrines or the commission of acts in defiance 
of law and order If their |X)tentt ilittcs arc not always so serious as 
this, It must be said tint be-causc of their socnl maladjustment, the) are 
unsuitable for work m C(x>pcrjtion with their fellow soldiers and will 
be in constant trouble in the Army Gregory” rnal es csseniially the same 
estimate of this group in commenting on the InOlmc problem that 
hoy and other Isorderl.ne states, offered m the cantonments during 
the last war They constitute a greater menace to the military organ 
aton b> Io«r,ng ,1,. effic.enc, and .n,p„™g .he general morale 
ban do the otvionsl) diseased l,pes sshicl. ate readil) Vecognired and 
annOTanef'a ■’’"I ^ constanl^source of 

Zabseles "’i of 

house Ind , be I ?"''"r'^’ ”f 

onininn 11 , f °f niritmat) In McPhcttln's” 

r.„ [he '!« I«< 

.ug act, vibes of fh^jeh^pa , "“'’"'’"'‘i 

the world except in thelr o^n pceui at ssT e“""T T "l 

in the tegular service as the, ef’ ‘ ' ™nsideted useless 

cipline The) are persistentK ms Ihcmsciscs to dis 

and intolerant to, atohol, likels to k °f- 
This type is liable tn rl/i i ^ ^ addicted to sexual perxersions 

escape conditions to which thefcaoTOr^r'^ tbej arc unable to 

m cantonments Sancer BrownS u faction of such soldiers 

evacuated to Savena)®from units oT P*)*''Pttths 

in France ' While not sulfetinc from f 

they were in a mental condition snffie, .i"^ ‘*'*'''5=, nesertheless 

serious conflict cith those about ih™* ^ ^"ormal to bring them into 
materially from those seen in civihanTr 

features as might be expected to d 't' *'"'<id such additional 

Patients of this kind might make fairT °’’ 

could change their occupation and suLmd" T'' 

service this was impossible and they broke 

cy Droke down nervously as a result 
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Indeed, they frequently suffered from temporary mental disorders.” 

Various European authors might be cited further to substantiate 
our impression of the general undesirability of the psychopath in the 
military service. Bonhoeffer''* states that while the war may have had 
a good effect on a small number of psychopaths, it was for the majority 
the occasion for the development of a more intensive psychopathic re- 
action. For future wars, he felt the great problem for the psychiatrists 
in military service would arise in the handling of these persons. Stier 
is another German writer who, on the basis of his war experience, 
stresses the problem of the psychopath. Wolter^® comments on the easy 
recognition of most mental disorders in the constricted living arrange- 
ments of troops in cantonments, but admits to difficulty in detection and 
handling of the psychopath. He states that the problem cannot be 
stressed too much and that it must be solved for it has gzezt significance 
for the fate of the country in war. Baeyer" comments m a similar vein. 
Among tho Swiss authors, Hans Maier>« speaks of the frequency wrth 
which the psychopath will be drawn into militaiy service; but says that 
service cannot serve as an educational institution lo: 

Nelken,” of the Polish Army, demands the elimination of ^ 

paths in peacetime and great cate in their seled.on 

for war. Gauthier- and Fribourg-Blanc=‘ of the ^rmy “ 

numbered among the writers who place the psychopaths 

list of problems for the military psychiatrist. The 

to demmstrate that the psychopath is considered an 

armed forces. Nearly all of these writers advocate their elimination 

'”?hfps"thr::i:ot;er the military milieu with its dem^d for 
-absolute^’ obeLnce, order, performance ^ m 

find themselves in a new social environment which will '“/"j 

even the latent psychopathic elves incapable of 

m the more flexible civilian life. The> “emselve^^^^ 1 

meeting the demands of this resistance, open dis- 

cies such as shirking, evasion o * illness, desertion or 
obedience, unreliability, treacherousne , g the soldiers 

suicidal attempts. The line cto who t”“o evade fatigue 

who never have their Shoddy needs; and on whom praise, 

details; who cheat in order '^gummarv court-martials and 

blame or punishment have htde c • , gj^e officer is 

guardhouse punishments slu t regimental surgeon, all 

exasperated and annoyed but psychopaths continue their 

too frequently he arouses no interest, ine p ) i 
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wayward course unless some puiiishinent proeokts an cxplosiec outburst 
or they desert — often to turn up Ijtcr to accept harsh punishment for 
wlnt may have originail) been i minor militirj delinquency 

Dae)er studied a smiH |,roup of deserters p5)chiJtricall) and found 
73 per cent were ps)cliopaths Osipot ’ found tliat 10 per cent of tfie 
militarj prisoners in the punishment battthons of the Russim Arm) 
were psychopaths Baillie’' states the psychopaths m tlic Canadian lorccs 
presented a major diseipliniry problem Others who find the discipline 
mtolerable make suicidal attempts Fitbourg Illantr' comments on the 
frequency of suicide among the impulsnc cscitable psjchopalhs Hcidcn 
ham' found that over half of the militir) suicides sscre psychopaths 
couras a so reports on the ficquenq of the suicidal attempts among 
IS group here has already been comment regarding the real pos 
sibilitj of a Ganset Syndrome or of a psychotic break if they arc not 
Otherwise able to escape ^ 

^ conditions their potentialities for trouble making ma\ 
m hrath'"m,ir One I, ears occasionally that the 

comments ue ” ^ of the literature such 

emTonI Iv rmrJtr f 

but who have ' PSKl'opalhs who may be cxplosnc and excitable 
skdlfuf and L nrood may be useful under 

But they nuahft irt^ “'‘'"c''' “ “"‘I 

must never be unde '•’'■r unreliability and capticiousness 

French JoLilnroopr'Tem?^ ■" 

and instinctual fnreef .c' '“pBaSKes the unsteadiness of their will 
them up for court martiaUn oZ''’’ "hich may bring 

Their behavior mav he he o««'on and for decoration at the next 
dangerous at anothir He sZys oZT' 

deceived as to their pn ^ u ^ without being 

slight stimuli ZaZscZ ihrL l”'’''?'' 

With authority and their sntv^r ^ ^ ^upboria and consequent conflict 
American Army was ouoie^ Colonel William C Porter’® of the 
path — the aggressive psvehnn^k"* psycho 

lop clean up a situation and*’™ I nl^a^h* t‘ dZ 
soldier because he could not take retr “ 5°°'* 

Other members of the emotioZn 

and paranoid— show an endunne d I contentious 

are often on sick call are unZl Ze ff '“V"'* 

and threats against superiors ^en b^Ze I'Z ’’ 

ate a danger to the m^orale and Z4Tnrof“Z7frw slerfhT 
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spreading dissatisfaction and by their fault-iinding. When in htjuor they 
are especially troublesome. 

The 'vveak-wiiJed o/Ter more of a problem. They are extremely im- 
pressionable and changeable. In the early stages of their enlistment, 
they may get on well but they are soon trapped by their own character 
defects into carelessness, negligence, untrustworthiness, lies and decep- 
tions, self-promotions and self-decorations — into going absent without 
leave. They and the contentious, paranoid group are easy marks for the 
designing propagandists mentioned by Bailey. 

The emotionally unstable group in its entirety and the highly im- 
pressionable weak-willed psychopaths may be very much of a danger. 
The explosive and excitable may by impulsive dare-deviltry, carelessness, 
or simply by their resentment of restriction dfa\\' fire that endanger 
their comrades or cause the loss, by their undisciplined behavior, of 
valuable militarj' equipment. At other times, this same impression- 
ability or excitability may cause them to produce illusions or hallucina- 
tions of dangers with consequences that may actually be dangerous for 
their fellow-soldiers. This may be particularly true while they are out 
in listening posts — during raids. These same traits make it extremely 
difficult for them to stand long stretches of trench or position warfare. 
At times the monotony may drive them into extraordinary carelessness; 
at others they may become so unable to bear the situation that they 
attempt desertion in the face of the enemy or make suicidal attempts. 

These psychopaths are also of particular importance in the type of 
warfare that is now being waged. They have a great capacity for 
spreading psychic infection among both troops and civilians. Entire 
detachments can fall into the trap of panic set by their dissemination 
of dangerous suggestions growing out of their impressionability. In the 
state of psychic tension which the enemy now tries to produce among 
the opposing armies and civil population these persons serve a most 
useful purpose. The pathological liars and swindlers are also apt to 
play an important role in the general state of credulity and lack of 
critical judgment which the enemy tries so bard to produce before press- 
ing home their attack. They may be almost as effective as enemy agents 
and, of course, may become such though probably not very dependable 
ones. 

The inadequate group, and particularly the depressive persons, make 
less difficulty. They do not adjust at all well to the service, but they do 
fulfill their duties even though with heskation and indecision. In these 
depressives, desertion and suicidal attempts are common. 

Asthenic psychopaths cannot stand soldiering. They are emotionallv 
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weak overly sensitive tender fad physically become hypochondriacal 
and many simulate illness This is a description by Hcidenhain" of 
individuals in the German Army whom we should probably class as 
neurasthenics But we do see the spiritless indolent psychopaths who 
have no sustained interests or desires who are unclean and indlllerent 
and on whom reprimands and punishment have no effect They are 
apt to desert and ate apt later to develop into simple schizophrenics 
nf “I! “ U° ‘■“■'Ability of early detection 

reeardinn^^il, whatever the decision of the military authorities 
fetem u II' In the Selective Service 

m ^er onT Ti FJ-^h^trist to diagnose 

imcosedT "" be difficult under the time limitations necestarily 

sS hislcil of the 

taTknt aid L "b° d-^posed to 

envitment In ^ P?' -tb b- 

important episodes Furth' ^ “ebned to gloss oier unpleasant but 
con'^flicts and^fretuentfy psychopath tends to act out his 

often helpful to the examiner in d.ae symptoms that are 

There should be no creat nmkl 'b' neuroses and psychoses 

orty with physical stinmn^ showing organic inferi 

be obvious and those with rn'''i"J'j*r physical signs will 

system and cither suitably clac^ discovered under our 

But the psychopath whom x k discharged for military ineptness 

problem ’^.s^re,C„tiraTne 2r,'“‘' P'“="' -‘'cle as a 

as uncovered by ordinary test^tim*'j with a good intelligence 

various desirable possiWitiesZ-e^' army offers 

escape from their mp Id '"‘^'P^'icnee from fLil.es 

s desire to play so Sr 1v,„ “ '? '''' ^e satisfaction of 

too often sue 

diagnostic factor is the social h ’The most important single 

In the smaller communities the*m!2.K^ objective observer 

Uow many of the candidates and ran tl” f boards may 

by supplying such information if ihrv psychiatrist 

path IS not going to be able to solv aware that the psycho 

under army discipline In the lar '* problem and his family s 
lacking in the members of the^M information is apt to be 

psychiatric — hospital and clinic or prisons parole boards 

cies furnish lists of the men of 
rolls There would be resistance to 
be a great help to the examiners if thev 

ey merely knew of the candidates 
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uho had had such contacts — and could then give them some special con- 
sideration as suspects. However, one may anticipate much resistance 
to this type of request. For the average case, one will probably have to 
depend chiefly on the family history of psychopathic traits or psychiatric 
conditions if that is available. The psychopath may be guarded in giving 
such information but will be free about giving his school and occupa- 
tional history which may offer the due that will lead to further investiga- 
tion. A history of repeated accidents or injuries would be suggestive 
as has been recently demonstrated by Dunbar^” and her co-workers in 
their study of the personality makeup in fracture cases. These leads are 
meagre but may well be all that will offer except for the possible be- 
havior of these impulsive, undisciplined persons under the mild restric- 
tions that would exist during a lengthy examination. 

In times of peace there seems to be little disagreement about their 
undesirability in the armed forces. The most important reason for 
eliminating them, before induction would be to prevent their reaching 
the cantonment — breaking down within a few weeks — and then be in 
a position after discharge to collect some sort of compensation or gov- 
ernment hospital care for years. It is not uncommon for patients to 
come into psychiatric clinics today who have collected compensation for 
neuropsychiatric disability for all the years since the last war. On taking 
the history, one finds they never had any more active service than the 
depot brigade and that for only a few weeks or months. It may be that 
there are today regulations which will prevent this sort of a situation. 

If so, the present system used in the Navy and apparently now in Army 
Cantonments could be effective. In a recent article on the Nav)’, Dravo’* 
described that system of holding recruits in detention units for a period 
of several weeks after induction. The abrupt shift in environment; the 
restriction of freedom to move about; the discipline senes to reveal 
the psychopath most effectively. They tend according to Dravo to 
develop functional disorders, including hysterical seizures, eneuresi's, and 
various other neurotic manifestations or malingering. Occasionally, 
there is a suicidal attempt or a more severe mental break. In any case, 
this environmental pressure does bring out the psychopathy and brings 
the man to the attention of the psychiatrist. Almost all psychopaths 
have to be eliminated from service. Dravo gives disaission of the 
methods. 

It is possible some psychopaths may last through their detention 
period and break out into their behavior patterns later. For the detection 
of these cases, it would seem that the regimental medical officers must 
be more aware of the implications of such behavior than was true in 

543 



IK ar Mtdtctnc 

the last war and much more read) to accept tiie complaints of the line 
officers and non-commissioncd oflicers in tins regard. It would seem 
very much worthwhile to maU- psjchiatric sutsejs of those who appear 
on more than one occasion before a summat) court-martial and on all 
of those whose ollensc brings them before a general court. 

Most European writers would be inclined, during wartime, to hold 
the psychopath under military control Donboclfer, Stier, Nelkeii, and 
o ers, all be lese they should not be returned to civilian life due to 

hrr™,°d 1 r ‘‘"‘'""’■"'"fi •■■nd breeding panic. Under 

the conditions of present-day warfare, this would seem pariicularly wise. 

S work hT' fin they be held in labor battalions 

morrdaneernt f "'■'h ™"'bat units and with the 

“ he lasfwar '"“‘''^"ently this happened 

mtf discml nan b,T? ‘'■‘I ->1-1 to bospiS or 

Schtnitt-Hahn>^vodd sTggeTt Ibari'’’,ir“r ’’P 

'.hese’ days“^mXirt„" Hr!: 7 "-'^- ''■f^especially in 

the general scheme of thines Ho ^ 

use could be made of them" He J"’- T' 

service but found about halTof the ' ‘''™ “"If 

could work on the line of communicaUom 

opportunity if thMrmeTarVhe°d'in'lhe a”' 

the assistance of the psvcholopi.i^ possible that with 

more accurate survey of such characterological tests, a 

'ntd of then mote^lfe^vf P"' 

would present for a study of these tmuh/ opportunity 

been effectively carried out so far A ^ people which has not 

their adjustment in later civil life ^^^^h us something about 

' Eartcmai«r, L«o H , TI - 

rttofrji (1931) 1 512 520 
* Levine Maurice, The 
(1940) 36 848 850 
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Chxtf Citiiinii /itNrtiit! //otfun Ittlnr'x »t (Viifrr /’mr'A 
/IscMfaiif I'rofftfar vf Mr.f.rtnr, Uanortt Mt.l,. 




!t IS obsMvis t.i .im.iMc »li.> lus folloucj the uiutsc at llic present 
ssjr tliat .1 liifh slcprcc of stjmmj is s„.t| to tlic modem SsiUicr. pet- 
haps esen mote so than tsir before It rs nescssat), tfictcfotc. to aJIicrc 
0 tire strictest sr.inJatsls uticn .lnuli,,,; ssfictlicr or nor a man slioolj k 
classified as fit for general militat) sersne' In teaclilnr; a (oticliislon 

ngors f modern warfare, and fii, die, more, the evatniiier must kar to 

- = 

prone'rkc 'tk m ' l'” '''’’i"' 

rememb L t l a.T ' •""I " l^e eons, antis 

anTdia c e I. eZ' T'-'i' i'"""'™' 
tmport L Ik umt ‘rr:i?„le;''1;"“> fi"'' 

nssume that because a man has ‘l n" '' r"’'’'''’'-' ‘"i""''' 

centrated campaign under mol "f an extended and con- 

st ho had successlll) pattietpa'leTr h'ts""l' 

1910, svas propcil) rejected In the I Lie Octokr, 

defects a month later. In this resnea'p^''''” 

Regulations) 40 105 is ssoir ,Ln^’ '•* m A R. (Army 

the organized resencs "must be f 'L' '“"'’'d-’les for commissions in 
condition svhich ssould mterfece ^Lth 'tk 
expected of them in the Arms or ssh t of the duty 

be especially hable to sinderL ism ''' 'erslce. 

basis for a claim against the Co change or to become the 

service " ® Gosernmenl in the esen, of call to aese 

the ;“rks'"bt:",'' «■' '-d-asadar system of 

fssenlj five years The standards rek« 

be quite as exacting other body S) stems should 

Up to May, 1918, "heart disease" rml,,! .i, i - 
of discharge from the British Army and the 
diseases of the circulatoiy system accounted f k 
annual death rate in the United Slates A ' .'’“J “P' tcoth of the 
Army It is problematical 


546 



The Cardiovascular Exavimatwii of the Army Recruit 
whether this major difTerencc is due to increased attention to the cardio- 
vascular system, to the reduction of the incidence in certain diseases 
leading to cardiovascular disorders or to the tact that from 1914 to 1918 
the British forces were actually at war. It is likely that all these factors 
are involved. On the other hand, it is interesting that only 0.8 per 
cent of 37,000 men at Camp Devens up to May, 1918, were rejected £oi 
cardiovascular disorders, = and that during World War I approximately 
0.5 per cent of all men drafted and sent to military camps were rejected 
for cardiovascular defects* It should be especially noted that neither 
of these statistical analyses includes those men rejected by their local 
draft boards. The figures cited correspond more closely to those o 
present induction centers (now designated as ^ 

Metropolitan Life Insurance Company ft, 

life insurance" approximately 2 per cent of ^'1 
age of thirtj-five Preliminary figures show that, m ■ sl ^ht 
over 3 per cent of all men have been rejected for cardiovascular 

by their local examining boards.^'’ , cl ^ an* ruided 

The various induction centers of the United States 
in their selection of men by regulations covere m ' ' , g 

Regulations) 1-9. At these centers. - P by tLh bcal 

been passed as physically fit for genera > , . regular 

selective-service boards, together with t aviation cadets who 

enlistment in the Army and a certain 

have been, or will be, examined further ) a S placed 

Under Paragraph 55 of “/„Lited military service) 

Without question in Class l-A (gener ^ 

a man mist have a cardiovascular app«tus ta p, 

trivial deviations from the strict “important murmurs 

within the midclavicular line, and . i,Jo 

may be present. The ^‘^ftl^Xn sinus inequality and in- 

cardiac arrhythmias are allowed o hvnertension patently due 

frequent extrasystoles. More thari Iransitoo JP ,„l(.ss mild, 

to excitement is disqualifying. if should be, and it must 

is likewise a cause for rejection. A . , • centers — in contrast 

be especially noted that, at P--!’ ror reject a man. 

to the local examining 1 B niraLd service), except 

The Army does not now consider Class i fmm the War 

under ver)’ special circumstances^ renters differ from the local 

Department. In this respect, the m u mn Jiscretion, place a 

examining and advisory boards, which may. 
man in Class l-A, l-B or 4. 
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However according to the same regulations, it is incumbent on 
examining physicians to accept for service men with "accidental func- 
tional murmurs or with other findings that do not indicate disease 
or impair the selectees ability to undergo severe bodily exertion, and 
to exclude those with defects however innocent, appearing at the time 

of examination that would interfere with their activities fParanraph 60, 
M R 19 ) V 6 r 

As a result of the experience of eleven months at the Boston Induc- 
tion Center Fourth Recruiting District, and with the help of several 
cardiovascular experts, certain conclusions— subject to subsequent change 
ave een rawn It seems worth while to bring these conclusions to 
general attention for future reference and, perhaps, amendment 

* * » 


nahirp^ recruits with organic heart disease of whatever 

nature should be summarily rejected (Paragraph 57, M R 1 - 9 ) 

the apex o™het’a“e'^ ' 

rhelat.ctver’'sh"u*u' "" ‘'“"8 “ oi 

td^male ^ demonslVable 

Aeuratt d fease d T, The possibility of recurrent 

d“ust he c:„slred^ 

and with malice aforelhoucht ™y " “tmgly 

documentary evidence ^ ^ 

IS of the greatest value On Ihrofherhl^d'’*’’''”"'^'' 

their past disease, although there ^ “S'l 

In such cases, a hisZTietT/'" “ ‘^“'"8 

fever or chorea fmfrf *i^ nosebleeds, continued unexplained 

fever) may he o/ someTet Rrr 

internist only to be rejected by the n" ^ ^ by the 

tlonable past history of chorea of 

cases an electrocardiogram and six foot"fil duration In doubtful 
before final acceptance or lejeaion 

be rqLTd *™"8 ““-derosis or arteriolar sclerosis should 

IS cotL^nTrt^uTbrth^r of «'-.on ,t 

the hhe predispose to extrasystoles “P “'“holic excesses and 

how race this irregularity is m reci^If ' ^ 0 ™ surprised to find 

of them have been sub, erted to one or all ofTh'™’ '7 "7®'’ 

or me supposed inciting causes 
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The Cardiovascular Examination of the Army Recruit 
This paradoxical experience should serve to emphasize the importance of 
any notable arrhythmia. 

The question of the significance of systolic murmurs is as difficult 
at induction centers as in civil life. It seems reasonable that the presence 
of a low-pitched, soft, systolic murmur localized at the pulmonary-valve 
area, or even heard at the apex, unaccompanied by other cardiac ab- 
normalities and not preceded b)' a history- o£ ihenmatic fever or chorea, 
mav be recarded as of no consequence, especrally tf the man appears 
othersvise healthy and robust. A mitral systolic rnnrmur accompanred 
by an increased pulmonic second sound, slight cardrac enlargement and 
a history of rheLatic fever is, on the other hand, obvrously a can e 
for rejection. Between these two extremes Ire many cases. There 
competent cardiologists who believe that a systo re murmur a ’ 

even^hough loud and transmitted to the axrlla, .£ unaccompamed 1^^ 
other signi should be regarded as consi«ent wrth ™ 

may well be true in civil life; it is probably not true rn 
is some evidence that even in civil life such ^ 

missed too lightly.- In this respect, the op.mon of 
interest. Discussing the examrnatrons of the heart 
this author says; 'If a systolic murmur rs ptito, 

position, it is unlikely to be organic. If presen on y 
it is almost certainly functional rn type. If are 

respiration, it is unlikely to be orgamc.’ B end f he sam 
expressed by Parkinson." It is 7“ “pj to the axilla 

who shows a loud, harsh, systolic — 

eten though such u iniinnur is uiiuccompaui y recognized. 

That this dictum is contrary to the teachmgs of some rs fully g 
The opinion has not been hastily „ise. The truly 

Mitral ■•presystolic" ^ 0 ^ crescendo type, accom- 

presystolic murmur— especially if o , ^^sed by exercise— stiouW 

panied by a loud snapping first soun ^ however, a seleaee 

be regarded as a cause for rejectio . ^vith a pronounced tachy- 

or recruit may come to the indue 10 hears what seems to be 

cardia, and in these men one not mfteque y ,he 

a presystolic murmur. It is in actual.^ , 7 ;= disaPP“- 

firft sind in an over-active heart. T* rnay^e dto^^ 

the man lies down for half an hour. histor)’ is negative, 

if no other abnormalities are present an , , rejected unless the 

Men with pulse rates of 100 or over distinguish 

tachycardia subsides with adequate res • , nervous temperament 

between the tachycardia caused by ari un 
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and that patently due to excitement, temporary ner\ousness or lack, of 
sleep The latter type will almost m\aciably subside after half an hour s 
or an hour s recumbency with the added distraction of watching others 
undergo their examinations It is obvious that acute infections may 
similarly be accompanied by tachycardia, usually, the site and nature of 
the infection can easily be found Tachycardia that does not subside 
during the da> of examination should probably be regarded as evidence 
of an unstable cardiovascular or nervous system and should therefor be 
considered a cause for rejection a man on active service can scarcely 
demand a few days rest If the tachycardia is the only abnormality, 
the examiner may be justified, m rare cases, in asking the man to return 
on another day for a second examination Initial rates of 130 or over 
very seldom come down to normal Marked tachycardia may follov 
the use of certain drugs either for therapeutic purposes or because the 
man being examined is a malingerer This possibility should always 
be borne in mind although not many such cases have been recognized 
at the Boston Induction Center * 

tionWh^ri blood pressure ,s a most difficult one The regula- 
rnt'b oo^l n ^ *>' "bo have a per 

9“dltohfnSeT“'r."‘ millimeters systolic or above 

Mood nre mre s V" “f"?'”" *= mcreased 

in No\ember I04n r, au ^ ^ inductions took place in Boston 
for all practical ni’ °"o cardiovascular expert that 

'sith! sincethe nuTbr"; ladings could be dVnsed 

would be negligible This ww har'"d"''n “6= Smop 

pressures are nmv taken I T “O'* 

on all men shoZmn 1 1 'ales of over 100 

and on all obese applicants ""if ihe'hTj' ‘'“ce of albumin 

systolic or 90 diastoL n, ^ P‘c““m 'S more than 150 

have become norma or U *= P«-"- 

tiaong the day « ‘bey -^n ‘ilevated 

return on subsequent days for furtk, S P'^ctice of having men 
rest for three days is needed .nT ’f 

that the applicant has either essenti^ "o'mal readings, it is probable 
ciraiiatory asthenia In this area we havf no!’ ”1: 
encountered blood pressures elevah-d 

other parts of the Lntry, “a >" 

not uncommon The possffiility of maliL ™ f pressures are 

.. rr,., .t. 
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The Cariiiovascular Examiiitilion of ihe Army Reermt 
by the work of Hines/'* we now reject men whose systolic blood pressures 
remain over 150 and whose diastolic pressures remain over 90 during 
the day of examination. Grossly elevated blood pressures frequently fall 
to strictly normal limits within an hour. Such variations from the normal 
may probably be disregarded. 

Neurocirculatory asthenia is, according to Bourne,® the "commonest 
cause of cardiovascular breakdown under the strain of active 
The subjects ate usually high strung, repressed, fastidious in their habits 
and subject to palpitation, precordial distress, abnormal sweating and 
dyspnea or dizziness on exertion. Occasionally, the ™s!,re° 

extreme. There is usually an associated tachycardia. The blood pressure 
particularly the systolic, tends to be elevated but variable. Sigh ng and 
yawning are common stigmas. This condition, which P ° 

nervous rather than of cardiac origin, calls for teje ^ « 

it is very mild. It should be noted that the J 

simulated in men who have, the night before examination, been 

alcoholic debauch. 

# * * 

When all is said and done, it must be ^““ay be 

Stronger than his cardiovascular system, an 

Rejcclton, Due la In 1940 

Cause of Rejection 39 

Essential hypertension 16 

Rheumatic heart disease . 

Mitral stenosis 

Aortic regurgitation 
Mitral regurgitation 

Unspecified 

Neurocirculatory asthenia 

Organic heart disease, type unspecified 

Tachycardia 

Hypertensive heart disease 
Auricular fibrillation . ■ • • 

Total rejections for 

Percentage of totol examinations .. 

Percentage of total lejen » ... i o period We are 

subjected to very severe strain over an admission to 

increasingly convinced that the “ “"sort, 

the United States Army should ' sheets of the Boston 

Tables 1 and 2, which are ■ j reflect this increasing con- 

induction Center, Fourth Recnnting District, 
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setvatism and indicate in a general way the causes of rejection for cardio 
%ascular defects 

It should be noted that the number and percentage of rejections for 
cardimascular disease during the second period were materially greater 


TABLE 2 

Rejections Due to Card.oia«enlar ALnortnalilies 
Cause 0 / iJcjectio? 

Essential hypertension 
Rheumatic heart disease 
Mitral disease 
Aortic disease 
Mitral and aortic disease 
Unspecified 

Iseuroeirculatory asthenia 

Organic heart disease type unspecified 

lachjcardia 

Congenital heart disease 
Auricular fibrillation 
Paroxysmal tachycardia 
Multiple extrasystoles 


1941 (8627 Men) 

No Rejected 


14 

2 

1 

22 


10 

8 

2 

1 

1 

1 


Total ejection, tor «atd,o»,scutar diooaso 
Pereentase of total rejections 


186 
21 
18 8 


of'th'rL ^ *= .ncteas.ng 

(Class 1 A) must be of the standards for acceptance 

^■nrted ,n bj tecegntted card.ovTs^brjxpert!"' "" 

•Dr°,"„ K I, p„ Psnoon m 

World War r»fr ffeal k C S J Summa y to DhvxF>i « j 

*ldrm Can. 56 41 6? 1941 P»y» col find ng» on men drafted in the 

"""" - -.r .-.o. 

• Robb G p Per.onat com " Personal conimun cat on 

PeT»„,i comma" 

uoume r Eram nat on of thj » 

J « exam na on, / 2 442-44$ 1940 
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SELECTIVE SERVICE PSYCHIATRY 

Schizoid and Related Personalities; Mood Disorders and 
Psychopathic Personalities 

By DEXTER MEANS BULLARD 
Professor, Clinical Psychiatry, Georgetown University 

The dubious theory that psychopathic personalities are related to the 
major psychoses as 'diaracter disorders' are to the psychoneuroses may 
justify the combining of the three topics which are touched upon in this 
discussion. It is in fact a very far cry from the schizoid and relate 
people, who are often highly valuable, if somewhat unstable members 
of the community, through the cyclothymics who often carry ™ 
lives in the most conventional manner between their phases of disturb- 
ance, to the psychopaths, who by no stretch of the imagination cm 
conceived to be useful citizens. Historic accident and the Advisory Com- 
mittee on Psychiatry of the Selective Service System require o 
that he should undertake to offer some practical suggestions ea i 
the diagnosis of registrants who belonged psychiatr.cally under 
three rubrics. 

Schizoid and Relole.! Personalities 

In this presentation the fully developed 
be discussed. Instead, there will be [»mted ou , P develop 

personalities which indicate the possibility that tea ’ incident to 

from either the specific stresses of army life ot ‘ ^ We have to 

demobilization and the reestablishment of a civi lan i j „ time 
be concerned not only with illnesses that may 

of military training, but also with the augmen reserve corps, 

disclose themselves during the subsequent ^ psychotic and 

There is less the problem of recognizing th= man t^ 
more the one of picking out those whose everyday 

conspicuous enough to interfere with t absence, 

life. Concisely it is the diagnosis of mf"*” ^ succestivc of future 

The signs of ill health or personality handicap sugg«» 
sAizophrenia can be grouped under *<= ,^e nature of 

signs of dissociated phenomena “““"S . manner in which he 

what the registrant says ab^t himse can loob at and 


These are 


.1 registrant says 
responds to the examiner. 

“PPraise- evidences of deterioration. 

The registrant will not *0" catatonic stupor or excite- 

bizarre posturing, silly laughter and grun B 
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ment, or paranoid delusions In fact, it is unlikely there will be marked 
evidence of any clinical entity — only slight signs and clues to be followed 
up and evaluated 

The accompanying record from the local board may have only the 
request for a psychiatric examination and no other pertinent data, the 
first examiner feeling that it is up to the advisory board to eliminate 
Having seen a local board m action, I have the impression that the 
physician members wished to certify as many men as possible, irrespective 
of psychiatric suitability 

What ate these signs and clues ^ We can mention first the candidate s 
reactions to physical differences or handicaps Is he sensitive about the 
appearance of the scalp or hair> Is premature baldness or alopecia 
areata a sore spot with him^ Is the shape of the head a source of embar 
rassment> Are the size or shape of the nose, ears, or mouth out of the 
or inary Has he been kidded about them to the extent of causing 
deep resentment or rebellion at the fate which marked him as different? 
mnrhT acne— current or past, scars or disfigurement How 

fortibl severe enough to make him uncom 

ortable in publtc> Did he hesitate to ask girls to go out with him’ 

think th£“’’'‘^ T* What did he 

cood a direct masturbation, but unless rapport is 

fh ““W ask "What 

thaMhef^LT P"”P‘«” He may have heard 

ellect on the ve '°"l may ask a question as to its 

healAv w U VO J ^ ‘P" “>0 mentally 

hand, a young ma^ wto'taky“the“te" 

opDortunitv In aisi e,j t_ above mentioned opening as an 

little in this part of matters has probably matured so 

cation ’ ^ severe strain on his lack of sophisti 

dates opinion of hmself 

be a reason for an unhealthy and crmrf^ P''!'’‘“> or variant, may 

about— a lead ^ ® “‘‘““de and so worth asking 

Since preps)chotic personalities often atturU i £ 
phjsical variation from what they conslrT unusual sign^cance to 
themselves are valuable clues asTh^ ’ Ti il" T 

appraisals are. 
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Now I would like to discuss some details of the interview; what 
the registrant says about himself, especially how he reacts to questions 
and to the attitude of the examiner. Although not usually done, it is 
advisable to have the candidate strip and to make a brief physical exami- 
nation, since so much more can be seen under these circumstances. 

First, are there signs of tension, conspicuous as keen alertness or 
vigilance or marked by an apparent wooden calm? Before relevant 
information can be obtained, the registrant must be put at ease, ut i 
this is impossible the persistence of tension is in itself ground tor 
inferring extreme insecurity and questionability for induction, it is 
pretty certain that if subjects are introduced that he regat s as angerous 
to his security or prestige, the registrant will become uneasy, 
notice an increase of motor activities or changes in t e manner o P 
ing. can be rather sure we have approached something 

The insecurit)- may reveal itself in unwitting “f 

muscle tension, or sudden contractions, all indicative o , 
the personality, conflict, contradictory motives, ,, j 

or dissociated processes. It doesn't matter what ey “ frequency. 
Under tendon, mannerisms will 

They may include movements of the eyes, b ' B fjr.(,(f 

in the extent of the palpebral fissures, ““““P ' . ^ pupils 

expression or an intent staring at some obje 

“’rrEif., ™ H..-- “ • irSE 

angle. Oral musculature may also be inv rnovement. 

expression often accompany upper or lo g flatus, 
peristaltic activity, borborygmus, ^plicable sniffing may' 

The nostrils may twitch or quiver be 

be noticed, or the lips may be moisten nen . advertise 

cleared unobtrusively. Hesitant or exp os pAfl v'ay or 

tensions in the upper respiratory segmen s. ^ eyelids, scalp, or 

sighing should provoke interest. Tou mg 1 attention unless we 

ears may seem such natural movemen s common indicators 

are realiy on the alert. Slips of the tongue are quite co 

of unconscious meaning. , larcelv dominated b> 

In attempting to pick out registrant the gastfo- 

oral motivaUons— those centered ^^ay be a help. Tl’e lips 

intestinal tract — the set of the mout an p tension, a quite di - 

in repose may suggest one sort ad ^vill reflect conscious atti- 

ferenVone. The^vailing set of mouth -m 
tudes. Changes which seem inappropriate to 
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which may be noted when the guard is dropped, are good clues to dis 
sociated personality trends that are worth further imestigation Slight 
movements of the lips may be the only indication that tlie candidate 
IS thinking Well, I got by that question all right,' or 'I fooled him on 
that one, He didn t find out anything there, and so forth A set of 
the hps indicating satisfaction following the recounting of a tale of hav 
mg put a rival in his place, or of having scored off of a superior may 
suggest an obstinately resistant person If this is confirmed by a history 
of continual conflict with authority figures, the possibilities for trouble 
making and insubordination in a setting demanding prompt obedience, 
nee to e considered A man with a life long pattern of argumentation 
and drsagieement will probably not be treated by the sergeant with kindly 
so icitude While one may personally feel that army life would do the 

consitoTd™ 

Smellmg the fingers, movements of the hands toward the nose or 

Site as reaching tor a cigarette, increased 

Chled mav^"® t '’““‘"S l“st been 

lighted may be signs of inner disquietude 

fibribaLT^i f '^e hand, arm or leg, or 

posture^mav be'"ch ° unaccompanied by gross movement The 

S recrZd or^h ® 1 ^"“es being crossed 

diagnosnc or nalln! ? “““y motTvation may he 

one finds that'll becomes p “"I' up 

of soldier the man wouirmake 

amongThl w'llhre strikingly athletic as well as 

the cfse of one regitlSra 

the record, namely® a disnmivi “bout two items on 

apparent lack of vigor, dirfSThi^^'^f “ 

dajs in bed at a timL;ec^„em‘‘(lt of frequent illnesses-several 
and a suspiciously obsessional preoccutr“*“^ susceptibility to fatigue 
to gain weight ^ ccupation with diet and with efforts 

Some natural questions about bniM -mj 
effort to a more personal discussion 

similarities, personal ambitions and d?,' ' ^ resemblances and dis 

work, fellow'^employees male Id ftm*P~r’ 
lions In this instance, poverty had S„h «“ea 

work on a farm with no iLta^ 
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for illnesses led to a preoccupation with health and an avoidance of 
anything regarded by him as detrimental to health. He neither smoked 
nor drank. He joined a religious sect, which held extreme views on diet. 
Although he did not consider himself lonely, he had few friends no 
intimates. Marriage, he stated, was out of the question because o 
finances. This seemed only a part truth as he had never shown an interest 
in a girl. He was 27. Recreation and diversion were almost nonexistent 
for him. His serious mien suggested worries. He denied worrying a out 
himself, but, on pressing, admitted concern about his family. 

His continued efforts to gain weight without success sugpsted the 
possibility of a high normal metabolic rate and recommen ^ 
tion of the pulse for possible disordered action of the heart. e an 
revealed no tremor, but moisture of the palms was observe . n ^ 
the registrant recalled that sweating of the axillie an , r 

ing feet were common experiences irrespective of the environmental 

'ThilHhe pdse wa. bdng taken during exercise the do^^of fte 
examining room opened and another registran en e . 
quickened and became irregular for several secon s wi d^g 

and eight to ten minutes later was still 96 . It a e p jfhin 
first examination by the local board as hav.ng returned to 76 w.t 

two minutes following similar exercise. preserve it by 

This man’s mental health is not too sew circulatory symp* 

deflecting unconscious attitudes into gastrointes ^ routine, 

toms. You can picture this man in ^ Jc peculiari- 

severe physical demands, and lack of solicitu e o 
lies of the individual. And yet as a respected bank clerk 

ably carry on very well. • u • e timidity are not seen 

Marked anxiety and obviously appre registrant 

very often, but when they are, one can rernar ' frequent 

appears uncomfortable or frightened, an inqut ^^^^^ occur 

occurrence. What situations provoke t e is j^^rrassment among 
only in unfamiliar surroundings or has he su anticipate will happen 
people, supposedly his friends? ^hat does he enUC p ^g^ 

to fim? ffoes he believe he will t-ttou;himself or a hyprAon- 
some previously unmentioned, queer W ^..-ness of which would 
driacal concern about some organ, the f ts in the army? 

pathognomonic. What does he .^Ig? Does he expect an) 

Hoes he expect to advance or remain a p 

trouble? c alone ^dth the officers. 

If the answers reveal a doubt or fear of g £ 
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or other men in the company mdicatxve of concern about living m 
intimate contact if there is fear of ridicule anticipation of taunts about 
courage or manhood or sexual powers A^e will probably not be wrong 
in surmising the possibility of panic and the development of a catatonic 
state We can imagine that the barrack mates will not have much 


patience with anyone who has bolstered his feelings of inadequacy by 
books on the psychological mastery of others — The Secrets of Success 
Hou to ]yw Friends and Influence People—nor will they be tolerant 
of the special props the queer performances that have been making life 
bearable for the pre schizophrenic person Ashamed to have them 
known exposed to ridicule if observed by others the pressure can get 
pretty heac’y It is not hard to guess the outcome 

Those who maintain the aloof detachment of unconcern or what 
appears to be a gentlemanly reserve are generally hard to get at Their 
techniques of maintaining social distance are highly developed Some 
thmg m their manner during the physical examination may have caused 
Ihc local examining physician to suspect queerness or difference and to 

P°'"‘ of 

tht rcDKfri'? 0 0“ specific Symptom and a direct question as to why 
dncct^rnir T P'l'ohiattist may be met with the equally 

mi tion rL op "'■"J *a 

Ini coLcm r , “ Dontal of 

as to susnected sunn convincing Leading questions 

non 1 a n r "-“f Chet the desired informs 

m nhi sical exam 1 *= ‘doctor who gave you 

nt diT ouT'l "*’“* fo make®of you 

II U I J ^ “f 0’'»mination= Well it was all rinht— 

hc'cxammc that io ' d ^ 

his mL' et ' oil '? d"' rr"'* ’ ' '"'C 

im pm ales or anus Hew ill mohlH™'' ' 

It Well that s mst nn Tell me about 

looked at me A direct quc“tionL Herd 1 h ‘‘‘l' ‘ l''''' 
prrihalil) rcccnc the ansxscr I don i I 
An iridirctt question — What did sou c'l * 

nothing lire., >00 thm^n'retl,':^^^^ ? 

triilh he looked at me kind of funns Yoi.^kn , '1 ^”0 *''0 

lieheie the inqiiin may well be dropped There ri"!! ' 

us .0 W sure of future homosexuarMoil^eT 

Or suppose that the direct statement- Something about you caused 
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the doctor on the local board to refer you to me — arouses only antag- 
onism. Then a remark to the effect that wme difficulty must have been 
suspected and that the first examiner may have thought it would keep 
the candidate out of the service or cause trouble after he got in, rna) 
reduce the antagonism and permit exploration. A sincere and pro es 
sional interest in his suitability for ser\dce life, should pave the way. 

Persons whose attitudes reflect strong compulsive drives, or a destruc- 
tive sadistic bent, cannot adjust well in the service. Intmate conta s 
will make them too uncomfortable. In turn they will be a sarcastic 
scourge to others with less well organized defenses. Their influence on 
morale is correspondingly disintegrative. They are re e lous an 
not accommodate easily to any disciplinary regime. 

Candidates who show perplexity or confusion, failure to ge 
meaning of questions, apparent failure to hear ° ’ 

do not offer much of a diagnostic problem. More difficult to g 
arc the modestly unobtrusive, quiet and gentle mannere P . 
certain others of rather youthful appearance wi* ^ 
an air of refinement, sometimes with slightly efferaina e m 
fiestutes. How will life in the training camp affect 'licm? Ho'c win 
they like the idea of a common shower, of having no P'"' ^ j 
not dread enforced association with those of a diScren cu^ P>ck^ 
ground? How will the appetite react when coarse a In 
to the food in the mess hall? Ace they disguste y P 
point is strongly oral or anal ? Do “yP jo feel that all 

sexual matters ate vulgarly tof«red * 0 . 1 early 

Women are sacred? Have they failed ‘ ^ Fear of impotence 

attachment to the mother and to find a substitute. njoblem. One 
might be serious and its actuality a profoundly makes 

may feel that these babies need to be toughene . 

more immediate demands on everyone concerne , developed 

tunities for hurrying these preadolescents on o 
maturity. . , adult se.xuality 

The integration of their personality has not i catatonics 

2nd in all probability they are in the reservoir ro j^^j^jlously looks 

will be drawn. Conversely, the chesty braggar ' independen*’ 

forward to a release from home restrictions and 

freedom which he imagines will be ° ^ ready recipient 

insecure but hiding it in a different way. He ^ fit for duty, 

of venereal disease and so marked for the hospi interview, manncr- 

As the psychosexual attitude is develope * ^ conspicuous, 

isms and accessory movements may become 
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This can be safely regarded as either a contradiction of what the candi 
date IS asserting or as evidence of insecurity because of a conviction that 
the examiner is disapproving or condemnatory 

Now let me touch briefly on the paranoid personalities with which we 
are all so painfullj familiar Before classical ideas of reference and 
delusions of persecution develop these people present plausible excuses 
and reasons for unsuccessful adjustment One might be misled were it 
not fo the inference that it was always the fault of someone else 

n mg at questions becoming angry at the necessities of the exam 
ination shotting scorn for the stupidities of other registrants and resent 
ment at having been drafted at all are expressions of their conviction 
of extravapnt self importance Suspicion of the purpose of the examina 
on ma) be sKong Why do you ask ? , What do you want to know 

Ivl ” ' ' *“ do-^bt as to the 

examiner s intent or bona fides 

to lakT.h? noticeablj careful 

to make their answers non revealing 

thal‘'le'tt"i‘ll'!i“'.‘’""j"’'“‘' ‘yp« of personal.tj 

ins ab e he Lr^' “ 'f by tth.ch the 

To sta e ,h ' P'^P^y^botrc can be ident.fied 

tn th« elo oT of ““‘“I health 

nd c cd bwhfnres'^’’' Penonalmes rs objectively 

siS of the boT Th ■" ‘be vattous 

■be) maj be eudenced .Tthe’' "l™''" P'’’"’”'" ^“"011005 only or 

cardiac vascular sistem the ! ''o'onlary or involuntary muscles the 
both internal and external andTIr"" '"I" 
arc ,0 be potential,, reg.,j,j „ foremfot d^.r" 

can ma^tr cttatirit^Pr' 

the disciplinai) regime of the advantage under 

Its heartless ridicule of the oeo l"' “"concern for the person 

•nic Arms ,us. has no KL 

c..,°nV'’.lc?e"a’re''fe"s^^deT,;to‘''f'“^'‘^' .'’"’’“P^ 

escape the trageds of illness with .k '"‘o ‘be service will 

rcisomlilv and on the tax pajer ■■e'astating effects both on the 

Moral Di.orclrr. and IVveIi„,ra||„a IVrxomililicx 

Tlicsc topics call for attention »o 

rng!) <li(rcrcn. from the genera! run ^cef^'jr 1°' 

^ n except when thej are hasinc aaitc 
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episodes in theic career lines. Unlike the psychoneurotic and schizophrenic 
who show definite signs of instabilitj' during the examination, the diag- 
nosis of the manic-depressive and psychopathic personality has to be 
based on a knowledge of a longitudinal section of their lives, rather than 
on the few slight but suggestive clues which may be seen in the intetviev,. 

Tlie Manic-Depressive Personality 

it is reasonable to expect that a person who has suffered or is likely 
to suffer a manic-depressive psychosis may show some characteristics o 
the disorder in the prepsychotic personality, or in the ree in erva 
tween attacks. , 

Taking the chief characteristics of the manic phase to e ig 
ideas, puth of speech and distractibilit>'-what diminished form 
traces of these may we observe? , fr^mtent 

An attenuated form of a flight of ideas may be seen i matter 

change of subject— the direction the conversation ta es. J, , 
will not be unusual, but there will not be a calm an interests 

gtession of thought. There will appear to be a variet) of interests 

superficially and sketchily treated. u «liow in a 

Push of speech will not be pathological in rapidity but J b 
jerky mode of eirpression or a L.ling along -^bou. reg«d ^ 

of the examiner. Quite a bit of l be rathe" “perficial. 

slightly forced talkative manner, but s^bal is » 

A mild degree of distractibility will be to attention, 

tions the candidate asks, the numerous things -ntirelv irrelevant 

but do not hold his interest, and questions partially 
to the business in hand. , .-nterrupt the exam- 

He perhaps will be a little impatient an 
ination. Impatience and the tendency to interrup underlies the 

or perhaps the only evidence of the ‘ pje may be quick 

pseudo-joviality which is maintained on t e sur ^ ^ , jjiow his 

to contradict but should he feel the need o r He will 

displeasure only by a change of posture or pnce — tb^t h? 

readily admit to quick anger, but will insist i p essential 

holds no grudges. There is no appreciation f his humorous 

destructiveness which underlies the popular ^ joke and the 

good fellowship and friendliness. He enjoys ^ 

witticism at the expense of others. . surrounds himse 

Being insecure in his interpersonal out to be acquaintances. 

with friends, most of whom, on close inquiry, u 
useful to him in one way or another. 
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Although there is an inner need to create a good impression in the 
examining line of the induction board, his somewhat ebullient cam- 
araderie will only serve to interfere with orderly and methodical exam- 
ination His sallies of wit are calculated to discomfit others rather than 
to facilitate ease 

Such are some of the traits of the manic personality which may be 
seen at the time of examination To evaluate the meaning of these slight 
indications, and to estimate the probability of future psychosis and prob 
able fitness of the man for service life, it is necessary to take a searching 
history and to make a fine diagnostic discrimination 

The amount of irritability shown at the time of examination or 
revealed by the history may be one criterion of hov. successful he has 
been m achieving stability 

Persons with a depressive temperament present the reverse of the 
above picture We will see a reduction of psychomotor activity, a 
solemn or morose mien, an air of Whai s ibe use, or in more noticeable 
torm an appearance of positive dejection Such a man will say little, 
volunteer nothing and answer in monosyllables 

The flight of ideas of the manrc seen in the variety of interests and 

denrf« ‘he hypomanic personality is reduced m the 

depressive to a real poverty of associations 

ret,cenr/hV' f'’™' “> “ s“mmgl; polite 

nohced 1 del th T ‘here still be 

ho dint wdl h d° ■" “eae ■nuances a stubborn with 

arcle o o I i 1 « restricted to an ever narron 

mg circle of outside-that ts, interpersonal .nterests 

may nllns ht' ''“==1.00 of thought 

tion ^For LamnT/'^ “ “ ""‘■'“‘“'"g suitability for indue 

rate of chance ^f form in the hypomanic, the excessive 

“ *' 

capable tfqmdhmt 

to nev conditions IfThe fat “nLnk™”' ='*ep“"g himself 

v.e mav oredict t Hull , ^ thinking speed is moderately reduced 

gets there ]ust too late ‘’"“'g' who thinks too slowly and 

t.onts'tlSi'.fd’: wf wm ~r' T 

at all, who ,ust cannot think ” “ 
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factor. The data will be superficial and impersonal, revealing a notice- 
able lack of personal disclosure. One will not get the impression of a 
warm and genuine friendliness. 

The younger men of the draft age of depressive temperament will 
not have made many friends. If they are asked, Do people soon get 
to like you?”, the answer will be "No.” Why not? After a silence— 
“I don’t know.” Was it always that way ? "I guess so. I don t know. 
To what do you attribute it? There will be more silence, a little rest- 
lessness, perhaps seen in the changing of fwsture or a deepening o 
gloom. No real data of personal significance will be forthcoming. 

The irritability of the manic may be seen in the form of surliness 
and obstinac)' which lurks behind the superficial submissiveness an 
docility of the mild depression. One may call to mind the 
of the involutional or agitated depression for a more vivi pic ° . 

The dejection of the advanced depression which concea s a 
bitterness may be only hinted at in the Whats ^ ‘ «imism in 

younger man There will be a decided air of justifiab e pessimism 
hu expectations of army life. It will not be tolerant 

Those who have already experienced 'll A were 

noted days or periods of efficiency when they wot e 
ebullient in their contacts. They will contrast 
when they were slowed up, unable to get *b'"S® “ depressed 

seeing people. Diurnal variation is feparte y ’ off with 
finding it hard to get started in the morning, e ^ on. 

exuberance but becoming increasingly o/ster. When 

One put it this way: “When I’m up — the wor to 

I’m down, I’m sunk.” Perhaps the simplest o qu > 
be down now, are you ever up?”, or rice j,or will the 

Those prone to the "blues” will not be happy m 

appreciate the gloom they shed. said to show a poverty 

To sum up the depressive personality, it can e .^^rarm, 

of associations, a noticeable superficiality, a , • „ quality unsiutcd 
interpersonal relations and a quiet, passive, m 
to smooth functioning in the service. 

P.ycI.o|.alInc Per^onaUt-^ ^ 

We are on even more difficult ground induction line 

psychopathic personalities in a single ‘"*^*^*^ rpHow will draw 

is probable that only the glaringly obMOUS jj,scnt no outsfam n r 
to himself by his talk and that the majorit)' ^ Jfpcnden 

differences from the general run. In these ca 
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on a life history for diagnosis 

The commonly accepted conception of a psychopath is a person who 
cannot learn bj experience, who fails to recogruze the limiting or restrain 
mg influence of reality Such a person recognizes no law but his own 
immediate need 

The histor) of the psychopath is replete with a succession of mis 
adventures The} are truly the socially misfit It is likely that the school 
record though academically acceptable will be marked by difficulties with 
the teachers truancy and various forms of delinquency They not only 
get into trouble themselves but they get others into trouble 

The} will he and steal as suits their purpose Some will have acquired 
a police record or will have been referred to a Social Service Agency, a 
ps}chiatnc clinic or the psychopathic ward of the City Hospital Alcohol 
ism begins early m their lives and contmues They are reckless drivers 
^\lth a high proportion of acadents 

Many of them will have been sexually promiscuous, either hetero 
.K homosexually, but characteristically there will have been no per 
Jnanency m an} of these relationships Inability to look ahead causes 
V D rite™ piecautrons thus needlessl) increasing the 

of th= history is their irregular 
IS or), record There will have been freciuent changes of jobs without 

‘^i“^ °f"" >=0 I do" t know,’ 

These f ts striking 

alreldi knou ThU'r”,! "'l"oh the local examining physician may 

atm. L "rcitt^lhe ; *= adviso^ board psychi 

or Social Service histo^”"’ ' ' obtain through a Red Cross 

ps}cIop™hrp“rroLhti*\7n'^^^^^ 'Jaracteristics of the 

ena of tonm#. «i,.a.i u ^ noted There is first the marked flu 
situation Thc) hare the ''7,fi7'f"rb'’“' "taction to a new 
speech sihicli among the Lrc hfuL 

order of compctenc)^ Thei will * '"W'Sont ma, suggest a high 
the exammer^unng thc7nte raew familiarity with 

fricndl) thei ma, enlarge upon their h,L'' '' 

about thc escapades and jaiK .he, l,7s,e 7 , '"“"f ''’f 

how the, base gotten out cf tS " 

rsen thoueh hard pressed b, the examiner on points showing dis 
ctcpancics in accoiinls of Ihemsehes Bie, will shoT li.tle anxieVor 

5(M 



Selective Senui Psychiatry 

discomfiture in their manner of speaking. Sweating, pulse ° 

quickened respirations may be the only dues that they ![ cn!!.Hnn 

Almost certainly there will be no voice changes or ^ ‘ P 

of their poise. Many of the deliberate malingerers will be draw 

UreThe manic their essential relat.onsh.ps with others are 
and destructive. Being unable to look ahead intelligen y, ^ 
the army experience as a lark, expect rap.d promotron and sp ml a 
and look fLard to the idea of wearing a “rm Bemg^totally 
undisciplined they will tun afoul of army tegu a themselves, 

disruption of routine. They have great “X “of the 

but catty no great weight of influence “'"‘’"S 'Lre weight, and two or 

outfit. With other psychop.aths, however, they ry 

three in a company can be a very disturbing in uen ■ empathy 

They live in and for the moment, have a 
which enables them to shift positions rapi y, comnlications result 
alertness to or comprehension of the imphea ion 
ing from their behavior. 

Conclusion 

These two groups of people are among the ^ during exam- 

to predict. They may show clinical dependent on a life long 

ination, but the examiner is for the most p r 
history supplied by others. . j.gas are apt to know 

local Board Members in small towns an j jn larger metro- 

personally the candidates and their family ^ 

poHtan areas the future plan is to use Reared through the o 

In Maryland the names of all registran persons found to 

of the Commission of Mental Hygiene an ^ g jn the state 

had residence in either public or pri''“‘^;"^“don should automatica'l) 

reported to the local boards. Such hospitalizatio 

disqualify a man for induction. ^ (-ope with t ^ 

Brom^he standpoint of the Army ^^am for them l»‘“Xbet°er 
and the Veterans Bureau which has ^ • ersonalitif ^re f 

suspected of manic-depressive or psy op^ activities 

off if they are left to the pursuit of pjg demands upo” 

are inducted into a service which makes 
they are able to endure. 
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DIAGNOSIS AND TREATiMENT OF SECONDARY SHOCK 
A Study of 24 Cases 
By 
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Since this investigation began we have treated over 100 cases of 
primary or secondary shock. The present report, which concerns 24 
cases of secondar)' shock that were selected for sytematic study, provides 
data sufficient to justify tentative conejusions that can be tested by 
other observers with more material at their. disposal. The findings sup- 
port the opinion and recommendations expressed in the current M.R.C. 
memorandum (1940). 

Case Records 

Case 1.— Male, aged 60. Seen 2% hours after injury. Right leg completely 
destroyed from 2 in. below knee and small hole in abdominal wall, though splinter 
had not entered peritoneal cavity. Tourniquet had been applied 16 min. after 
injury and morphia gr. V* given 16 min. later. Mentally dull but rational, no 
pain, no thirst, pallor + +, cyanosis of Ups and fingers -f +, no sweating, 
very cold. Hb finger 100%, vein 104%, haematocrit 40%. Pulse impalpable, 
B.P. not recordable. 

After 1 pint plasma in 16 min. P. 108, B.P. 40/?. After 2nd pint plasma 
in 15 min. P. 110, B.P. 60/40, Hb finger 70%, vein 60%, haematocrit 25.5% 
After 3rd pint plasma in 12 min. P, 160, B.P. 80/50. After 4th pint plasma in 
23 min. P. 120, B.P. 106/56, Hb finger 47%, vein 45%, haematocrit 19%. Had 
by now greatly improved in colour; pain in legs and abdomen. Had to wait for 
admission to theatre on account of congestion, during which time B.P, fell to 
80/50 and I pint blood administered. Left theatre with B.P. 100/70. Amputa- 
tion of leg through upper third of thigh, abdominal wall opened and f.b. removed. 
Anaesthetic G.O.E. After 24 honrs condition excellent; P. 78, B.P. 115/70, Hb 
finger 62%. 

Case 2. — Male, aged 26. Seen 3 hours after injury. Wound in left loin 
8 in. in diameter; multiple superficial wounds, abdominal wound, small wounded 
right shoulder. Morphia gr. % 40 min, after injury. B^armcd with electric 
blanket for 45 min. before transfusion. Mentally clear and rational, pain slight, 
thirst + +, pallor + +, cyanosis slight, no sweating, hands very colil. P. 86, 
B.P. 50/30. 

After 1 pint blood in 20 min. P. 92, B.P. 70/60. After 2nd pint blood in 
20 min. P. 94, B.P. 80/75. After 3rd pint Wood in 20 min. P. 100, B.P. 95/75, 
colour greatly improved, operation started: debridement, intestinal resection. At 
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end of operation P 90 B P 90/70 After 21 hnum P 100 BP llO'fiO, general 
condition pood 

Case 3 — Male need 21 Seen 3^ hourn after injurj Multiple amall 
injuries of back legs and arms enpine hole In rijiht buttock 9 In In diameter, 
buttock almost complctclj rcmovwl perforating wound left wrUt joint Morphia 
gr *4 11* hours after injury Warmed with electric blanket for lU hours 
before transfusion Mentnllj clear pun + + thirst + pallor + +, cjanosls 
+ + sweating slight T 95* F P 82 B P 40/30 lib ear 120^^, \cm lOO^o 
haematoent 43*^6 


After 1 pint pHsnn in 20 mm P 100 B P 70/40 After 2nd pint plasma 
’’ ® ’’ P'"' in 20 min P 128 BP 

Ub e-ir 80^. Greatly improrcl but pnllor .till cxlrtmc 1 pint blood 
given m min P 120 BP lOO/CO Stnrtcd bleeding from buttock 1 pint 
™ S''"" 20 mm During opomtion of ddbndement nl which much bleeding 

Lerfi “ «'in''»'s<'ood earb in 15 min Anaeetbetic G O F After 

bTiwSO Hb ,87r '■ 

comn^oa ‘r~*t“'' ■* 'lultiple woundr and 

P.Zr + + ev ' I’”'’','''’' P»‘ E™-*- pat" thirst + +, 

BP 60/30 £pra'.dm,m,te”d"'’‘'"' Pulse impalpable 

menUn'gcLrriLor.'I'''''''''''"' P 120 B P 11S/C5 Great improie 
blood by^drip until turn" ^"’‘PPPOff'* treated by warming and 1 pint 

pint blood and left theatre^wh p' 118”'^^ jm;’' ‘ 

off extensive 180600110^16^ iPJury Severe scalp wounds one ear 

clear colour ashen grey eomnUi*”j ’’1:'’'’“'’'^ 'ntralhoracie injuri licntallj 

Warmed and m,r;L%\^r^dtrer'e5 ™ 

femur compound fracture ri«phi t ^ fijurj Simple fracture left 

tiire abrasiLshead fracture left clavicle left Collessfrac 

+ + colour normal sweating ml tiM 

m 10 mm P 92 ?? 120/qn”"\ “5'®“ After 2nd pmt plasma 

drip occupying 45 min Af onri begun Had 3rd pmt plasma by 

lapsed and d ed shorUy after^^,^! operation P 132 B P 145/50 Patient col 
mg fractured base blood in csf f ®und to have multiple injuries includ 
haenwrrhage into right suprarenal ” small tears in liver and spleen 

m back involving right kidnev^™Ti«!? injury Very large wound 

injury Apathetic pam + 4: ,u™; morphia gr % 2 hours after 

cyanosis slight cold shivering Pul« Pallor + + sweating slight 

haematoent 43% uncountable B P 95/6O Hb vein 120% 

10 nun p 120 EP 105/70 Hb ^l^*****^®^ After 2nd pmt plasma in 

plasma m 30 mm p 140 bp iin/Ba^tS haematoent 33% After 3rd pint 
for operaton of debridement and W. 74% haematoent 26% Sent 

more pints blood given next dav aJI* “ring which received 1 pint blood 
120 EP li„;80 but passing ma^ I, condition f.iriy good P 
CASH 8-Male aged 29 Je.ta ” '>'‘^6 lel«c 

” ® vpiuty Shrapnel wounds both 
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legs, compound comminuted fractures right and left tibia and hbula, machine-gun 
bullet wound in left loin, not penetrating abdomen. Tourniquets applied to 
both thighs j given morphia gr. % an hour after injury and again an hour later. 
Put to bod with foot raised and warmed. Mentally clear, pain +, thirst +, 
pallor +, cyanosis of nails, sweating + +, cold, pulse impalpable, B.P. 60/40. 

One hour later, after 1 pint plasma in 10 min. pulse flickering, F.P. 70/?. 
After 2nd pint plasma in 15 min. P. 120, B.P. 80/55. After Srd pint plasma in 
50 min. P. 110, B.P. 115/76. Taken to operating-theatre and on table for 2 
hours, during which fourth pint of plasma administered by drip. Condition 
rapidly deteriorated when injured limbs were manipulated. Died few hours 
a^te^^va^ds. 

Case 0. — Male, aged 16. Seen 1% hours after injury. Compound fracture 
right thigh, much laceration and pulping of bone, and compound fracture lowest 
third left leg, much laceration and pulping of bone; gross swelling of both limbs 
above site of injury. Morphia gr. % 45 min. after injury. Mentally clear, 
pain + + when moved, thirst + +, pallor + -h, cyanosis of lips +, sweating 
slight, cold. P. 112, B.P. 80/55, Hb finger car 95%. 

After 1 pint plasma in 12 min. P. 108, B.P. 95/70. After 2nd pint plasma 
in 20 min. P. 108, B.P. 95/70. After 3rd pint plasma in 45 min. P. 108, B.P. 
110/76. Taken to operating-theatre for double amputation, during which 1 pint 
blood given In 28 min. and 1 pint plasma as drip. Left theatre with P. 104, B.P. 
120/70. Uninterrupted recovery. 

Case 10.— Male, aged 26. Seen 2% hours after being hit on back by lump 
of rock; very large bruise left kidney region, with great swelling left flank, 
and ? left pneumothorax. Given morphia gr. H an hour after injury. Mentally 
clear, pain In chest +, thirst +, no pallor, cyanosis +, sweating slight, tempera- 
ture normal, P. 130, B.P. 70/65, Hb vein 97%, haematocrit 37%. 

After 1 pint plasma in 15 min. P. 108, B.P. 100/60, Hb vein 84%, haema- 
tocrit 33.5%. After 1 pint blood in 3 hours B.P. 126. 

After 24 hours condition satisfactory. 

Case II. — Kfale, aged 28. Seen 2% hours after injury; compound fracture 
right femur, tibia and fibula, and fracture dislocation right carpus and meta- 
carpus. No tourniquet. Morphia gr. 14 given. Mentally clear, no pain, thirst +, 
pallor +, no cyanosis, sweating +, temperature normal, P. ?, B.P. 70/60. 

After 1 pint of blood B.P. 90/50. While 4 pints plasma were given in 1 
hour 20 min. there was progressive improvement, resulting in B.P. 116 though 
bleeding continued. Excision of wounds and reduction of fractures begun. Left 
theatre with B.P. 110. 

Case 12. — Female, aged 60, Seen 3 hours after injury; deep wound right 
leg, smashed right and left feet {hanging by threads) with tourniquets still 
applied. Morphia gr. 14 had been given 30 min. after injury and repeated 214 
hours later. Mentally clear, no pain, thirst +, pallor +, cyanosis +, no sweat- 
ing, temperature normal, B.P. 95/65, P. 68, Hb finger 95%. 

After 1 pint plasma in 20 min. P. 80. B.P. 110/80. After 2nd pint plasma 
in 40 min. P. 7S, B.P. 118/85, Hb finger 74%. Daring this 40 min. consumed 
2 cups sweet tea; colour greatly improved. Taken to operating-theatre for 
amputation and debridement. 

After 24 hours condition good; P. 80, B.P. 116/80. Six weeks later B.P. 
when lying in bed 160/120. 

Case 13. Male, aged 30. Seen 2 hours after injury; simple comminuted 

fractures of left femur, left tibia and fibula, and at lower ends of right tibia 
and fibula. Morphia gr. H given an hour after injury and warmed up, but 
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round right shoulder. Morphia gr. Vi given V/t hours after injury and warmed 
with blanhets. Drowsy, pain slight, thirst 4- +, pallor +, cyanosis +, no 
sweating, cold, pulse impalpable, B.P. 60/35, Hb ear 92%, vein 89%. 

After 1 pint plasma in 10 min. P. 108, B.P. 80/45. After 2nd pint plasma 
in 40 min. P. 110, B.P. 95/60. After 3rd pint plasma in 30 min. P. 130, B.P. 
116/70, Hb vein 65%. Taken to operating-theatre with 1 pint blood by drip; 
extensive debridement lasting IM hoars accompanied by much bleeding. Died 
6 hours after admission. 

Casd 19. — Female, aged iO. Seen 3 hours after Injury; severe crush of both 
legs almost severing legs below knees, 3 puncture wounds of abdomen subse- 
quently found to have penetrated caecum, 1 puncture wound left thorax. Mor- 
phia gr. VI given and tourniquets applied to both thighs 30 min. after injury. 
Morphia gr. V6 given 2 hours after injury. Mentally clear, pain severe, thirst ++, 
pallor +, cyanosis +, sweating +, very cold, pulse impalpable, B.P. unrecordable. 

After 1 pint plasma in 10 min. P. impalpable, B.P. 40/unrecordable. After 
3 more pints plasma in 60 min. P. 144. After 1 pint blood in 45 min. P. 140, 
B.P. 98/unrecordablc. Delay in transfer to theatre and in operation; condition 
deteriorated although drip of blood running; blood administered in theatre but 
died 8 hours later. 

Case 20.— -Female, aged 38. Seen 8 hours after injury; multiple abrasions 
and large lacerated wound of face tearing both lips and whole of right side of 
cheek. Morphia gr. Vi given 6 hours after injury. Mentally dear, pain + +, 
thirst + +, pallor -h, cyanosis slight, no sweating, extremities cold, pulse un- 
countable, B.P. 90/60, No improvement with conservative measures. 

After 1 pint plasma in 20 min. P. 124, B.P. 120/60. Another pint blood 
administered during operation for cleaning face, debridement and suture of left 
side of mouth. General condition 2 days later excellent. 

Case 21. — Male, aged 28. Seen IM hours after Injury; blast effects to 
lungs, ruptured small intestine, extraperitoneal rupture of bladder, fractured 
pelvis, torn mesenteric vessels. Morphia gr. % given 1 hour after injury. Just 
conscious, pain + +, thirst + +, pallor -h +, cyanosis -f +, sweating moderate, 
stone cold, pulse impalpable, B.P. 60/?. 

After 1 pint blood in 7 min. P. 140, B.P. 60/?. After 2nd pint blood in 16 
min. P. 110, B.P. 80/7. After 2 pints plasma in 62 min. P. 88, B.P. 110/70. 
During operation 2 pints blood administered slowly. Survived 24 hours. 

Case 22. — Femafe, aged ZO. Been hours after injury; compound frac- 
ture left femur, extreme laceration left leg, wound right knee and left elbow, 
multiple small wounds and fractured pelvis due to splinter discovered at opera- 
tion. Morphia gr. Vi given V6 hour after injury. Mentally dear, pain +, thirst 
+ +, pallor +, cyanosis slight, sweating + +, very cold, P. 70, B.P. 55/?. 

After 1 pint plasma in 25 min. B.P. 80/7. After 2nd pint plasma in 50 min. 

P. 110, B.P. 60/?. After 3rd pint plasma in 20 min- P. 110, B.P. 70/40. After 
4th pint plasma in 35 min. B.P. 85/40. After 1 pint blood in 60 min. P. 133, B.P. 
100/60. Taken to operating-theatre where 2% pints blood given. Died during 
operation. 

Case 23.— Male, aged 62. Seen 3 hours after injury; fractured right femur, 
scalp wounds, severe bruising of back. Morphia gr. V4 given hour after 
injury. Mentally slow, p-ain, thirst and pallor slight, cyanosis +, sweating +, 
very cold. P. S6, B.P. €0/40. 

After 2 pints plasma in 20 min. P. 88, B.P. 145 '80. Operation, pin through 
tibia; 72 hours later B.P. lGO/76. 

Case 24. hlale, aged 25. Seen 3 hours after injury; compound fracture 
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right tibia and fibula puncture wounds both lower limbs, 3 puncture wounds 
shoulder puncture wound right chest Morphia gr V* given % hour after 

p'm b p”to/6o'''”’ “''e’'*’ "» “weatmg, cold, 

, B P 65/65 After 2nd pint plasma 

m 20 ram B P 100/70 After 1 pint blood in 30 min P 100, B P 106/80 A 

Sir" Thi^'r"'* ‘‘^’"'""*'”6 as slow drip donne operation Died 6 hours 
later probably from bilateral haemothorax 

Primary and Secondary Shock 

Primary shock due to psychogenic and neurogenic influences is com 
mon among airraid casualties which reach hospital soon after their 

27 /■"‘I shaken These, from primary 

shock alone may exhibit pallor, sweating feeble pulse and low blood 

7" “"“"”““5 Dilferentialion of primary from sec 

2uirbe d “ ' '5 “bviously required and delay 

woo d be boZ”" "‘’“a --"d* -d transfuston 

Sahon s mtermediate cases d.f 

degree to which alloning a period of observation, the 

lheZpto™° P2 .mprovement wtll depend on how far 

blood ptMure is still h 6t the end of an hour the 

shocks Trobable and i 7 ‘®‘’ «« secondary 

IS given But if within t^he before an anesthetic 

100 mm He it mav hp ^ pressure rises and stays above 

been completely reached th™7e2" 

transfusion is not necessary for r *at 

required during operation The 

15 mm so that patients who are In^'^ P«5sure should be taken every 
delay In order to carry out this 2 transfused without 

tion ward must be established 1^7 satisfactorily a special resuscita 
Operating theatre All the id reception point and the 

so severe as to brook no del described had either wounds 

pressure which failed to “wtituting transfusion or a blood 

morphia *■ to 100 mm Hg with rest, warmth and 


Aseessmem of Seventy 
In general we have found that the 

'Measurable factor for assessing th pressure is the most reliabl 

other clinical manifestations ar^ ^ of secondary shock and thj 

The p^he rate has not always 

^ rapid as it is generally assumei 
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to be in severe secondary shock nor does it regularly rise in proportion 
as the blood-pressure falls. Thus 5 cases (2, 3. 15, 16, 22) had rates of 
86, 82, 104, 92, 70 with systolic blood-pressures of 55 mm. Hg or less, 
and one (12), who proved in a follow-up to be a hypertensive, had a 
pulse-rate of 58 with a systolic pressure of 95 mm. In the remainder 
the pulse-rate ranged from 110 to 155 and did not appear to bear any 
constant relation to the blood-pressure. The response of the pulse-rate to 
transfusion was even more irregular, in strong contrast to the response 
of the blood-pressure. 

The mental state in 17 cases was cleat and rational. This point which 
is of great practical importance — that the mental state is no index of 
the severity of shock — was repeatedly stressed by observers in the war 
1914-18, who found that in the absence of head injury a clear normal 
mind was usual in secondar)’ shock even within a few minutes of death. 

As to pain, all of our 24 patients had had morphia; pain is recorded 
as absent in 4, slight or moderate in 8 and severe in 11, and was not 
recorded in 1. 

Colour-changes are common but in no way quantitative; 22 out of 
24 patients showed obvious pallor and most had also cyanosis of the lips 
and nails. Extreme pallor in association with a relatively high blood- 
pressure suggests intense compensatory vasoconstriction. 

The general temperature of all severe cases is invariably subnormal 
and the extremities feel cold. This feature, however, depends greatly 
on the atmospheric conditions, the exposure during transit and the 
efficiency of the methods for warming. Staeating was present in 15 
cases but the amount was by no means related to the degree of shock. 

The records of blood-pressure are shown in table 1. With two 
exceptions (7, 12) the most severely wounded had the lowest blood- 
pressures, The two exceptions are instructive. Case 12 was found in a 
follow-up to be a hypertensive having a blood-pressure of 160/120 
when lying in bed; her initial blood-pressure of 95 mm. was therefore a 
relatively large fall from normal. Case 7, though severely wounded and 
exsanguinated, nevertheless appeared to be capable of maintaining his 
blood-pressure at 95 mm. Hg by intense vasoconstriction. Our experience 
of over 100 cases shows that this feature is a real entity especially in 
young subjects seen soon after wounding. The phenomenon is suggested 
by an intense pallor in association with an unexpectedly high blood- 
pressure. In the particular case here recorded this view is supported by 
the response to transfusion, in that 3 pints caused a rise of only 15 mm. 
in blood-pressure though it much improved the man’s general condition. 
Apart from these h%’o cases there has been a remarkable correlation 
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between the reduction m blood volume and the fall in blood pressure 
while restoration of blood volume by transfusion has been found to be 
associated with a proportional recovery in blood pressure (tables 1 and 

Treatmenl anti Assessment of Rccocry 

It IS generally accepted that the symptoms of secondary shock are 
cau^ arge y y gross reduction in blood volume which leads to an 
iKfficient circulation, later to irreversible tissue cell changes owing to 

to resto M The obvious treatment is 

for thro,, r e”' « required as to the best fluid 

From the ^hat amount and at what rate 

feduction “P“‘ “ "reded by those whose 

s usu2 e •“ -hole blood loss and this 

rho areL t sorr Tr crushed and 

have occurred W T before complex hxmatologjcal changes 

alunt anTltelu h"' ^ Auid. time, 

obtaining information "S’" *han blood with a view to 

be cat«d cut o„ Z' 'ransfusion without delay should 

blood pmlure on ho? ^ dangerously low 

mm Hg w?’in an ho' ""t reLer L 100 
blood pressure, observed at 15 min r«uKitation and on those whose 
the resuscitation hour Rlno^l continues to decline during 

the course of transfusio^^"'" during 

transfused Table I sets out th ^ plasma 

shows that a rise of 10 7 (\ ^ ® served results and a detailed analysis 

transfused the average fieurTTnr fS °^tained after each 540 c cm 
up to five being 19 j 11 6 1^4 ^ senes for each successive bottle 

lunction with tabic 11 succcvk u.'f ^ Z ^ """ This table m con 
pressure of too mm He or ^ *" "rder to obtain a systolic blood 
than 30% of the calculated bZ!t f "r«3saty to transfuse not less 
c cm m severe cases of semnj,„ -hich may amount to 1000 3500 
fnent m blood pressure there waT with this improve 

toms The behaviour of the mil ^ 1”^ ^tuelioration of other syrap 

factor for assessing unreliability of this 

rate before and after each 54n ” * series of observations of pulse 

twenty one bottles the rate fell bottle it was found that after 

remained unchanged Transfu^mw ^ •^®nty it rose and after four it 
those in whom .t was initially ramd^^ produce a fall of rate in 
y rapid and vice versa The general re 
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sponsc to transfusion, and particularly in the blood-pressure, which ap- 
pears to rise quantitatively with the amount transfused, has been a 
constant feature of our cases. 

The value of blood-pressure determination has been emphasised by 
observations on cases in whom there has been no external evidence of 
severe loss of blood but detailed investigation has shown that such loss 
has taken place. Case 16 illustrates this point. The external injuries in 
this man of <54 were a simple fracture of one arm, two fractured ribs 
and a compound fracture of the femur with a small wound. Five 540 


Un 
60;3Q 
ICt.'SO 
CO/30, 
TO/UiJ 
75/6(P 
95/30 
60MO 
80/55 
70/55 
10/50 
05/35 
CO/30 , 
Un 


90/30 

80/1 

bill 

60/10 

70/50 


40/Un 

70/60'' 

70/#0 

K.n.‘ 

N.K. 
105/80 
<00/65 , 
70/Un 
85/70 ‘ 
100/50 
00/50' 
110/80 
80/50 
f/.R. 
70/50 
5S/UII' 

100/65' 
80/15 , 
4D/Unl 
120/00 
60 »* 
80/ r 

N.F. 

85/65 


60/40 

80/75' 

80/15 

115/65* 

S.TU 

120/00 

105/70 

00/55 

85/70 

125/N.IL’ 

Dl. 

120/85 

JOO/OO 

N.R.* 

83/5.5 

70/50 


80/f 

50/1 

115/80 

100/70 


1 . ^ 

4 

5 

1 80/58 

85/75* 

105/5 


si. 


N.n. 

120/70 


110/80 

115/75 

110/75 



N.R. 

105/65 

85/50 

80/40 

120/30 

lobjes 

P.B1. 

95/80 

113/70 

N.R. 

nIr. 

98';i* 

X*.R. 

70/40 

nb/70 

85/40 

100/30* 

105/80* 


•• 


Un - UnwrorfaWt*. N.R. - recorded. 

111. «■ UlecdisE. . P.m. “ I^bably blcedlwr. 

All translusions were ot cltrated plosina except tbose tnarketl * 
irhCM citMted Wood wns^lTcn. 


Ccm. bottles were required during the resuscitation period and one ntoce 
during operation to raise the blood-pressute to 100/55. This patient 
died 1^2 days later from postoperative bronchopneumonia. At autopsy 
it was found that the estimated loss to the circulation could be accounted 
for as follows; swelling of arm and thigh 1200-1500 ccm., hiemothorax 
200 c.cm., hasmoperitoneum 250 c-cm., retroperitoneal harmorrhage 800 
c.cm., external loss at time of injury ?, total 2600 c.cm.+. In all cases 
seen by us it has appeared that the loss of blood-volume can be accounted 
for by external loss and by extravasation into the injured area. In no 
case has there been any evidence to suggest loss of plasma in regions 
remote from a seat of injury. 
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The volumes transfused (tables I and II) concern the amount neces 
sary to relieve secondary sh(^ prior to operation It must be remem 
bered that delay in operation after resuscitation may be associated with 
deterioration in general condition first from continued blood loss and 
secondly from excretion of the citrate portion of the transfused plasma 
or blood Resuscitated patients should be regularly observed, and if 
necessary transfusion should be continued during the period of delay 
Furthermore, most cases suffer haemorrhage at operation No less than 
15 of our 24 cases required transfusion during the operation itself 
In general we have concluded that the amount to be transfused 
shou d be governed by the blood pressure response on which a watch 
should be kept during any delay as well as during operation As to rate 
we have formed the opinion that the first two 540 c cm bottles should be 
administered rapidly, each bottle occupying about 13 mm Further 
or Th pressure is dangerously low (75 mm 
ludpmpm T* ^ ^ slower rate and be governed by clinical 

» Woodp.e.sure m the reg.on of 100 mm 
S,rs I r " ‘‘"P “"“"'■"S “ of 000 bottle tn 3 4 

accompanv^the administered by cannula, can 

IS any wdden hr "L *0" ^P^'^ed up if there 

any sudden hemorrhage or rapid deterioration m general condition 

Haeniatolopcal Aspect 

more compIettlyThan Ithas hmmatologically, some 

serial hxmoclobin or hTm ’ examined for the 

of the blood solume at the°lL'n 4««minations to permit of calculation 
scribed b> Bushbi Kol l. treatment by the method de 

'Olume ,s uX; ^hX “‘f (1940) men the blood 

assuming an approximate 001 * Tu' ’’I 

and 5 litres fc" "oman T^hf °f 5Ka litres for a man 

an acute loss of as much as W cT! possible to sustain 

that reasonable rcstoratmn nfui * blood and )et survive provided 
^Jaquatelj There : ,,“7"™'“"'= - “"-d out qu.ckly and 

de,a„„ neatment rihjr. X cases had suffered 

most of them would ne\er ha ^ inevitable with battle casualties 
senes provides examples of ^ dressing station alive Tlie 

method for estimating blood soliime' fallacy of the 

amined b) consecutne haimatocrif ' *° accuracy, case 15 u as ex 
estimations of the hxmoolohtn asurements of venous blood and 
hxmoglobin content of capillary blood, the blood 
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volumes calculated from these different angles were close— 3.9, 4.0, 3.8, 
4.1 litres respectively. Fallacy is well shown by case 16 where an autopsy 
two days later made it clear that he was actively bleeding at the time 
of investigation. Continuance of bleeding renders the calculation in- 
accurate, biasing the result towards underestimate of ' 

direct proportion to the amount of bleeding From dimcal aspe 
there can be no doubt that continuance of bleeding is the commonest 
cause of failure to affect a rise in blood-pressure despite 
fusion. Table 11 sets out the calculated blood-loss, the tota P 
fluid restored to the circulation, and the effect f “ 

nressure The results sliow that when the calculated blood-loss is 
Ltored'to the extent of 50% or more the effect on 
is usually satisfactory. These himatological resu blood- 

the accepted clinical belief that transfusion should 
pressure has been satisfactorily restored. But thej a p 
able check on clinical impression. For »i‘'"P '>;/Xll tn 7=111 o “to 

when the calculated blood-loss is “nt^turun- 

the amount of fluid necessary to resto P . „ perhaps 

revealed bleeding should b^=“yX ,loL.r,ressmet a wounded mfn 
uncommon, causes of a sustained low ^ ^hTmatolocical check com- 
besides reduced blood-volume. The *'"’P .uch cases from having 
bined with good clinical judgment can p blood-pressure, 

a gross excess of fluid transfused m an effort to restore p 

so avoiding the danger of pulmona^ <e ema. protein con- 

Tablef. analyses the fluid flufd wtoh wifi reiin in the 

tent — that is, of that portion o r^irtions which are invariably 

cirailation, in contrast *%Xus sLw^he effect on blood-pressure 
excreted fairly quickly. The res imnortance of maintain- 

up to the end of the resuscitation period. The importa 

ing the good effect during the operaJiOTper^ considemd 

For this permanent result only P transfused protein fraction 

effective. Hence it is essem.al that ‘ ost and preferably more, 

should be not less than 50% o e Service plasma of 

bearing in mind that vvith ■A™)' °° crystalloids. The experimental 

every 7 pints 7 Xj^Besl ^940) showed that a protein 

results of Magladery, Solandt an ^ K treating hzemorrhagic 

replacement of at least 40% was required when g 

shock with serum. . , succestive facts concern- 

The results shown in table II ” Thefe is in the first place 

ing the phenomenon of ” cPed in cases not suffering from 

no glaring evidence that this is at all markea 
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Our results justify the conclusion that reduction m blood volume 
demands a reasonably quantitative replacement of protein fluid if a 
permanent improvement in condition is to be obtained and maintained 
through a perhaps severe operation In some cases the amount of fluid 
lequned is almost unbelievably large but with each successive pint trans 
toed there should be an appreciable rise in blood pressure of 10 20 mm 
g If this does not occur continued bleeding should be suspected 
ers^^A ^ quantitative replacement has its dang 

dan " ^ circulation IS almost as great a menace as one which 

hel 'f, *'-™'<>'‘>S-caI tests can be performed 

hould Th J ' ' c, Wood pressure readings which 

prLsure iLZa *e absence of blood 

rather than to fhe^ T '°n be paid to the volume of the pulse 

istered quichlv u"" 'mpression is that 2 pmts can be admin 

pressure' Worertr 

blood pressure mnr^. a- j produces the anticipated rise in 

chmeaf condition has administered with safety though if the 
be judiciously slowed 'but if administration can 

With 2 pints quicklv aAm 'liprovement in blood pressure 

obvious nor hkely a shorrtim*^^ k^"i!i bleeding is neither 

fluid by mouth to bring about thanrte^ ^ 

which a number of cases 'innAt. 'mprovement m blood pressure 

practice than continuing wura"^ of effecting This is a better 

With It a danger of oiiim«n j transfusion which carries 

The rate of alminlr'a^on afe 

judgment But whenever there is H ^ /'"f* requires sound clinical 
an approximately quantitative r,r,l '"Aence of gross loss of blood 
r q antitative replacement should be aimed at 

Summary 

In observing 24 caspc nf ■ 

in blood pressure m spite of shock a sustained and serious fall 

found to be the one reliable rlin!'"n^ resuscitation procedures has been 
of the condition The pulse raf ^ oreasurable criterion of the severity 
Simple hmatological “"reliable 

fusion provide a helpful with plasma trans 

readings with regard to the amn.? ® made from blood pressure 

As a rough rule a rise of lo 2o" ° *^**^*^ needs to be transfused 

540 cem transfused provided ^ ^"^‘eipated from every 

other causes of loss of circulamrl n bas ceased and that no 

«asma and blood “7y 

o for restoring blood volume 
276 



Diagnosis and Trealwenl of Secondaty Shock 
With large transfusions 1 pint in 3 may, with advantage, be blood. 

An approximately quantitative replacement of lost fluid is required. 
At least half of this should be protein fluid, othei^vise the restoration 
of blood-pressure will be only temporary and an operation will not be 
well borne. 

Transfusion should continue during any delay before operation as 
well as during operation, especially if more blood is likely to be lost at 
that time. 
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ANAESTHESIA IN WAR CIRCUMSTANCES 

By WESLEY BOURNE, M D 
Weatmount, Que 

While It IS evident that the general principles of anaesthesia are not 
affected by the circumstances of war, it is equally evident that it is our 
duty assiduously to seek those means in anaesthesia which are especiall) 
^ exigencies of battle, and I hope to show that although men 

ot the fighting services are of necessity exceptionally fit before an engage 
ment, they may frequently be most urgently in need of the best attention 
known to anaesthesia after the conflict While out subject cannot be 
exhausted in this discussion, tt may be treated brief!), as we consider 
he circumstances variously obtaining before, during, and after anaes 
esia, always mindful of the axiom that whatever is done should suit the 
vidua^ surgical requirements of a given indi 

lesseMesionr^h there is little ot no shock, the subject of 

wrch . s wen t" P^'". °P‘^‘'. "■* 

cause amnesia Tf*""' enhance its action, dispel fear and 

“T ' 7 " the start of 

of the anaesthetic k ? administered again And now, the choice 
cedurts UsS „ i”"’ “tose of ' local'’ and "general' pro 
not particularly fMuired * t muscular relaxation is 

bIoc^ mTecte or -nerse 

qclopropane, vinyl ether^or ethvreth'"^’ 

of one of the shorter actmp h ul administrations 

will be mfluencedr “ P-‘t>thal The selection 

anaesthetists and thi extent of 11.°^ to be done, the number of 
may be important ^ surgical facilities The time factor 

Ihe grltesTuram^SmfrH™^^^^^^ 

tion until the state of the possible surgical mterven 

must be activeh treated fnr «i? i ts restored Any such case 

the earlj physical condition of ,1^"^ recovered fairly well from 

tempted During the interval i before an operation is at 

doses of opiates, such as morphmr!^?''^ S've small 

regard to respiratory depression ^ scopolamine with vigilance m 
until the pulse rate decreases supporting intravenous fluids, 

=>bly. and one applies hTat Ll up consider 

soon as these circumstances have Um temperature So 

en rendered relatively stable as evi 
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denced from frequent observations on the character of the breathing, 
the rate of the pulse and the degree of the blood pressure; so soon as 
these three seem to be on a satisfactory scale in relation to one another, 
the patient may be considered ready for operation. 

The question of anaesthesia now presents itself, and at once it may 
be said that, with an adequate personnel in a well equipped unit, it is not 
difficult to decide on what anaesthetic drugs to use and what procedures 
to employ. Let us select impartially from among the drugs at our dis- 
posal as well as from the methods of their administration, with a view 
to their appropriateness to the conditions of the man about to undergo 
an operation. In pre-operative medication, it is customary to use one or 
more of the sedatives; morphine, dilaudid, a barbiturate such as nembutal 
or pentothal, avertin, and scopolamine or atropine. Usually, it matters 
little how these are combined, only one tries to give just enough to pro- 
duce the desired effects, that is, completely to obnubilate the mental 
faculties, and so lessen the shock which comes of fear; effective y to 
inhibit secretions, and so avoid respiratory obstruction; considerably to 
reduce the amount of general anaesthetic which may be used; and, com- 
mendably, to cause the induction of anaesthesia to be . 

Looking at the matter in another way. one tr.es to g.ve en^gh 
of these dfugs to produce the desired effects without 
ference with the respiratory movements, too much 
circulation, without disturbances to the 

Lest we forget, those braves who come to us as Homer s d from out 
the slaughter, blood, and battle-din", from f<> us “ the fire 

and water, and earth, and lofty ether unbounded . .n ‘hu w^^s * 
pre-Socratic philosopher. Empedocles; these braves ^bl perh ps 

less subject to emoffonal impression, none the 
inconsciently. to fear, to anxiety, to apprehension. Sedatives soon 

in quellinc such storms of feeling. nnd of the 

lor cafes of severe injuries, the -'uctmu of anaesthet,^^^^^^^^ of the 

methods of their administration is done omesthesia that is, 

greater groupings of namely^ rjrm 

local or spinal; and general ,vith means of their 

ous. I shall consider the anaesthetic mat J . J surcical pro- 

administration, and try to show thek ^ 

cednres on patients suffering from ° = pontocaine are the 

KcgraW,— Procaine, metycame, nupcrcain , ,naesthesia. Virtually, 
drugs just now in favor processes. Their employ- 

they cause little, if any, impediment m » _a’^a|tl,ough, in execution, 
ment should, therefore, be encouraged. And anno g 
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local infiltration, field block, the different forms of nerve block, and 
spinal anaesthesia are found by a large number of surgeons to be tedious 
and time consummg, yet as these have become m many instances part 
of the duties of the anaesthetist — the mstances are increasing — in conse 
<]uence, not only is the surgeon freed of the bother but, through increased 
individual experience, the dangers have become almost negligible 
So long as preliminary sedation has been made complete, the local 
and block types of anaesthesia may be considered almost ideal for oper 
ations on the head, neck and extremities, and even in the abdomen as 
well as the thorax, on those rare occasions when spinal anaesthesia may 
not be carried out on account of the inadvisability of moving the patient 
The advantage of spmal anaesthesia are vety great, especally on Lonnt 
1= ha ‘‘nd the excellent recovery Digby Leigh and 

chanws *hT Mood dilution, the^ many 

han«s remembered that some of these 

t tfa “P"*' course of recovery in 

AforeloM delibitating lesion ‘ 

longer^ anv oT' f' P^rcaine for spmal anaesthesia as it lasts 

is required Someonf. r,, ii , n^uch less of the drug 

patient but it has be^n f ' sitting up of a morphimzed 

^efy little It would seem'^tha/sD ^1*^^ ^nd pulse rate change 

"herein the fall in h\nnA anaesthesia is only contraindicated 

feared, as in clrcf mfe — - to be 

disease Such aie not hkcly^oTe met'“" eardiovascular 

personnel of the fichtinir fnr u "^ar casualties from the 

from evil hfe in Z' lenTSnfl': '"Z among those 

be much less fall m blonJ ?, intimated before, there will 

rressan. drugs hLrhX^r'tolZ''''^.'^'®^ 

legional anaesthesia so tL.l u production of all forms of 

uttcriy to bemnddle its organs ofthoughr““" “ 

tlicsia 53) that I have over imhTl the devotees of inhalation anaes 
not to recant, but to say enough S thTtth 
apostas) It should be evident thif tu 

able for other circumstances than itm ^ method is not advis 

tions. the giMng of such a druc as surgery, for war condi 

ation of more than hventy minutes intravenously for an oper 

"cll be objected to on the ground of trom^h ‘detail 
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With regard to inhalation anaesthesia, although ether still has a 
definite place in surgery, although it may be used with relative ease 
and safety by tliose who ate not too well expattienced, and although, when 
better equipment is not at hand, it is quite permissible to give ether 
by the "open drop" method; yet now-adays ail surgical centres will have 
an adequate number of anaesthetic machines from which nitrous oxide, 
q’cloptopane or ether may be administered alone or with one another. 
The high accomplishments of inhalation anaesthesia of late years are 
the employment of cyclopropane,” the absorption of carbon dioxide,' and 
the closed intratracheal technique.” The advantages of cyclopropane are 
already too well known for me to be prolix in the matter but it may 
be said that there are two splendid combinations: one of avertin by 
rectum with q’clopropane, following, by inhalation, the ot er o peno 
thal by vein,^ with c>'clopropane by inhalation immediate y a er. 
each instance a smaller-than-usual dose of the first drug is given, 
production of full anaesthesia by cyclopropane is done much more eas y 
than ordinarily, and there would seem to be peAaps some 
gistic action, In busy periods, however, the giving of “vet hn take mo 
Lch time, The remo^l of carbon dioxide from the expired air penn 
in the same case the continued and repeated use of * ^ 

materials. The closed intratracheal method 

struction; obviates interference with some surgica P' assurance 

in operations about the head, neck and chest, gives a quieter 

of a plentiful supply of oxygen directly to *e lungt; affords^qmeter 

breathing and a softer abdomen, although aspiration, 

supplies the ready application ot Guedel s method 

So much then for a cursory account o injuries during war. 

before anaesthesia essential to the ? Neglecting for the 

It may serve to indicate the extent of out se ' rse of anaesthesia 
nonce the lesser ailments, let us follow a htt e e individual, 

during operation for a major lesion. Jui-tration and having 

chosen the drugs and the methods ot “ ^^5 the’ duty of the 


produced the requited degree ot narcos , ^ 

anaesthetist carefully to nianage its P™ 8 ^ j^e ability of the 

IS no reason why the quality of anaesthe surcical units 

anaesthetists should not be just as high ^d ^ 1,^5^ is 

of war time as they may be under any ot er cir^ operation is started 
none too good for those who fight for us. begun and continued 

the intravenous administration of fluids oug blood pressure and 

throughout at a rate suitable to the state o should be used in 

charaLr of the pulse. Of the dear solutrons. glucose 
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the regional cases, and saline only should be given to the cases of general 
anaesthesia for the simple reason that m these there is invariably a hyper 

SdilT"^ Plttsmtr very 

To this fluid stream may be added without delay either analeptic and 
esuscitating or sedative drugs momentarily Restlessness, which occa 
1 , ^ ticcurs iirmg regional anaesthesia, can be controlled promptly 

iJnors “ ““'Phtne solution into the intravenous tu£i Ana 

rol?„°’ Tl in la ™>' Concerning these, I am firmly of 
hock The 1 ^"7 , ” “"‘tctpation of 

he effecl oTs H r "‘=™“ ^-erse 

ndtopoLm „ r- r ■" -aesthesia, when morphine 

“tiorn fiar/o “> P™‘>‘'‘:‘^ desired 

mned bv the adT'^ these beneficial effects will be definitely mini 

pituitary extract Whv w'°t °f ephedrme and posterior 

with good reason* l/has^b"" was deliberately done 

spinal anaesrena bJ the Fm *'’°™ analeptics are not needed in 
chest surgery m about dn “'"8*°" Wilson technique, even in upper 
gtstie effecMakes “ ^ '^“^tkable syner 

along with the ephedrme • gwen 

B>ood pressure a^nd 

hypodermic administrltict'wm sufficX Th'’ materials, their 

recommended unless the naf.asnb ine intravenous avenue is not 

tion IS seldom needed in cenera/^ stimula 

•t IS contraindicated When cyclopropane 

of oxygen is assured dunne intiXi™'*""'^ “'d a liberal supply 

procedure one is well advne^ “ T “"a^thesia, but m the spiMl 
oxygen on account of the clenr«r actively to administer 

and the dilution of the blood olL ®’“gg'ah circulation, 

«s ed respirator) exchance anct ^ on account of the impover 

the Wood “8' “d 'he reduced oxygen carrying power of 

The immediate after care of 

extremel) important but supremeh !“'* '“f operated upon is not only 
In haie a hand in the mattL for V k “ ^"““thetrst It becomes him 
are considered, b) so much the rZ “"'.’"“'h the more the possibilities 
Murce or, at least, be caught m incX he checked at their 

'"Wrj .he patient should be mmXwTkZu °P-“h°n for a severe 

greatest gentleness, particu 
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larly in regard to the horizontal plane, and any desired change in position 
ought to be made ver)' gradually. This significance concerns the circu- 
lation chiefly. Intravenous supporting fluids are to be given as frequently 
as indicated and to these may be added analeptic drugs, or pain relieving 
drugs as required. Oxygen therapy should be kept up as long as respira- 
tion and circulation are depressed, this implies that the upper respiratory 
passages must be perfectly patent and that the gas be made moist. To 
lessen the likelihood of post-operative pulmonary complications, there 
should be some change made in the patient’s position every hour, he 
should be encouraged to breathe forcefully every hour, and carbon diox- 
ide may be added to the oxygen occasionally. In order that invaluable 
information be not lost, and for the sake of uniformity, each surgical 
unit should be obliged from headquarters to keep records of each case, 
along standard lines, of all that specially pertains to anaesthesia. 
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blood substitutes in the military service 

By CAPTAIN DOUGLAS B KENDRICK JR 
Medical Corps U S Army 
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Blood Substitutes tn the Military Service 
the replacement of depleted blood volume and blood proteins has made 
a deep imprint in the held of medicine. Although plasma has but 
recently been accepted as an adequate replacement fluid, the sugges- 
tion that plasma be used in place of whole blood dates back over two 
decades. As early as March, 1918, Captain Gordon R. Ward,^ R.A.M.C, 
pointed out that one of the chief troubles with whole blood transfusions 
is that the erythrocytes of the donor may be hemolized by the recipient's 
plasma. He made the observation that death from hemorrhage is not 
due to lack of hemoglobin but loss of fluid and therefore the treatment 
resides in the replacement of the depleted fluid. For this purpose he 
suggested the administration of citrated plasma whidi can be preserved 
easily and injected safely. This plea remained unheeded for nearly 
twenty years. 

Rous and Wilson'^ in 1918, while studying the effect of hemorrhage 
in animals, used plasma to replace the blood loss. Based on their results 
they stated that the replacement of red blood cells is not essential 
because even in severe hemorrhage a sufficient number of erythrocytes 
remain to support life. The loss of blood volume is the important 
factor. 

Mann,** in 1918, used blood serum for the treatment of surgical 
shock produced e.xperimentally in dogs. He observed that the intravenous 
injection of homologous serum produced results in the treatment of 
experimental shock equally as effective as any method at his disposal. 
Best results were obtained with relatively large doses of serum. Mann 
stated prophetically that homologous serum might be of value where 
serum could be kept and whole blood could not be obtained. 

Interest in plasma as a blood substitute for clinical use was revived 
in 1936 by Elliotff when he suggested the use of untyped serum and 
plasma for the treatment of surgical, obstetrical and traumatic shock 
where transfusions are indicated. He pointed out that the need for 
replacing depleted blood volume in shock is mote important than sup- 
plying additional red blood cells, as the maintenance of osmotic pres- 
sure is a function of the plasma proteins. Elliott also stated that liquid 
plasma if properly prepared in a "closed system,” could be preserved 
for long periods and administered safely. 

The experimental and clinical use of liquid plasma and serum by 
Mahoney,® Bond and Wright,® Elkington,'® McClure,*^ Stfumia,“ Best 
and Solandt,^® and Levison,^' to mention a few, has established the 
efficacy of these fluids as adequate agents for the treatment of traumatic 
shock, burns and hemorrhage. In 194l, Strumia’® advocated citrated 
blood plasma without cross matching and in the same year Kek^vdck,*® 

285 



W'ar M.edtctne 

remorrhare,?”! and 

... ,5 ix* "" “"' "“ “ 

stortrbS'tollflT ‘° «“■=' f- « 

been Lwn that th” labt site 

the hqmd state In order to 1 “ 

constituents as possible methclds o^d *’ *>«*= change in its 

■n 1909, first described’ 11 ,! ^ ! developed Shackell,” 

•nation from the frozen state^'rhr” ‘’“''’S'C^’l substances by subli 
him have been followed gencrallv m? “"f 

preparation of dried plasma PlaL " ‘*"'‘=l‘>ping equipment for„the 
properly sealed can be preserved format il™ 
stored to the liquid stale n,„rH u '"st five years and can be re 
Properly prepared dried plaana reta ^ nddilion of distilled water 
thus provides a very satisfari labile substances and 

Pleted blood volul „d hvl'^ *'’= ‘^ttlment of de 

In May, 1940 wPen in 
Artis powers, it became appa'rent°ha° 

genc) In order to provide the k . ^ facing a national emer 

rapidly expanding forces of the P°®sible for the 

ol the Army and^a^ reacted ^“^ns General 

Sciences of the NalioZi f P °f Medical 

^mmittees were appointed to aa 

Navy One of these groups 1 *e Army and 

Stitutes was asked to leterL’ne thel^t”’^ Subcommittee on Blood Sub 
methods of supplying them to he TJ. substitutes and 
7* ‘‘“"c by the memberTof Z 1“>' As a result of the 

'le plasma be used as the substii “ *as recommended that 

^ns shock, hemorrhage and teh^h treatment of 

this decision ,t became Lessar^ to n Following 

» P'asCdmdiI!, “P “'"P'=‘= ^'imP'T'cnt for thf 
ditions ^ 70 ™“ "“'r* be administer 7"'*“ intravenous assembi) 

‘Jr'icns and ateard ship naS “L'l " «■= -mder combat con 
a result of s\ork rt,r, j * 

harb?e”"^ ""Pccacntativcs of the Ar^'"' *"7“"'’"'“== °n Bli>od Sub 

fn orjrto « codes' P-^^S^ 

It Ml, P “ package for um , ^ Practical for field use 
j„ d’r^rat) to take into cons de^ "■= Services 

“• "atcr and y Peeping quality of the 

complete set of equipment for ad.^y7‘”"S “r-d also\o pTovide a 
""'ration n has been established 
286 



Blooii Substitutes w the Military Service 
that plasma dried from the frozen state can be preserved for fiv-e years 
if properly stored in a flame sealed glass container. However, due to 
the fragility of the glass seal and the large package required when this 
closure is used it was necessary to utilize a rubber stopper closure. 
By placing the rubber stoppered bottle in a metal can under a vacuum, 
adequate sealing can be accomplished. In order to preserve the rubber 
tubing of the intravenous assembly and prevent deterioration from oxi- 
dation, the tubing is packaged in another can with the bottle of distilled 
water under an atmosphere of nitrogen. With this type of packaging 
it is believed that the plasma and rubber tubing can be kept safely for 
a five year period. 



Fio. 1. — Contents of the complete package. 


A description of the standard Army and Navy Package of Human 
Dried Plasma follows: 

The completed package (Fig. l) consists of two 400 cc. bottles 
stoppered with vaccine type rubber stoppers; intravenous equipment in 
sealed metal cans and packaged in a tape-sealed water-proofed fiber- 
board box. One bottle (Fig. I) contains the dried plasma obtained 
from 300 cc. of citrated plasma and is sealed under 29 inches of vacuum. 
This bottle is fitted with a cloth tape to be used for suspending it in 
the inverted position while tlie plasma is being injected. The other 
bottle contains 300 cc. of sterile pyrogen-free distilled water sealed 
without vacuum. The intravenous equipment consists of an airway as- 
sembly and an intravenous set (Fig. 1). The airway assembly consists 
of nine indies of rubber tubing with a needle attached on it for insertion 
into the rubber stopper and a cotton filter on the other end. The intr.i- 
venous set is made up of fott)’-eigIit inches of rubber tubing which 
contains a glass clotli filter for filtering tlic plasma as it is administered. 
At the end of the tube is an intras'enous needle ivhich connects the set 
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compiled from these reports. As the cans fit very snugly in the box a 
string is placed around the cans to facilitate the removal of them (Fig, 
3). The finished package (Fig. 2) has on one end a label of the bio- 
logical firm processing the plasma and on the other end a Red Cross 
label showing that the blood from whith this plasma was made was 
furnished by volunteer Red Cross donors. 



Fig. 4. — Reconstitution of pla.sma by connectinf* 
the bottJps with a double rnded nocflle. 


The plasma is made ready for use by inserting the double ended 
needle in the stopper of the bottle containing the distilled water. This 
bottle is then inverted and the other end of the needle is plunged into the 
stopper of the dried plasma bottle. The vacuum in this bottle causes 
the water to flow in and the plasma goes into solution in about two 
minutes. W^hen the water does not flow into the plasma bottle freely, 
the needle of the airway should be inserted into the stopper of (he 
water bottle (Fig. 4). This will allow displacement of the water with 
air and thus speed up the flow of water. The airway and Intra- 
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\enous set are then connected to the plasma bottle (Tig 5) and the 
plasma is ready to administer 

The package as outlined above has been approved by the National 
Research Council, b) the National Institute of Health and adopted for 
use by the Army and Na\y Contracts have been made with several 
commercial biological houses to prepare 200,000 units, each containing 
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is collected it is transported under refrigeration to the nearest processing 
iifm. After it is dried the plasma is packaged and shipped to the Medi- 
cal Supply Depot in Brooklyn for distribution. With this program as 
outlined it is anticipated that a large reserve supply of dried plasma will 
be made available for the Army and Navy within the ensuing year. 

Experimental work on the use of plasma and other newer blood 
substitutes is being carried on at the Army and Navy Medical Centers. 
Liquid plasma is being prepared at both centers in order to determine 
its effectiveness and the length of time that it can be preserved. Liquid 
plasma has been used extensively in recent months on the Surgical and 
Medical Services at Walter Reed Hospital. Approximately 150 bottles 
of liquid plasma prepared at the Army Medical School have been admin- 
istered to patients at Waller Reed. There have been two mild reac- 
tions. Liquid plasma is also being prepared at the Naval Medical 
School’* and shipped unrefrigerated to twenty Naval Hospitals within 
the continental limits of the United States. Carefully prepared, sterile, 
expendable, cellophane intravenous sets containing glass doth filters are 
enclosed for use with approximately one-half of the bottles of plasma 
sent out. The hospitals furnish their own intravenous equipment for 
the remainder of the bottles. Thus far 785 units of plasma have been 
sent out and the results following administration have been reported on 
500 of these units. There have been eight reactions of a pyrogenic nature, 
seven of which were mild and one severe. No reactions occurred when 
the expendable cellophane sets were used. 

The tests carried out thus far at the Army and Navy Medical Centers 
serve to corroborate the results of other investigators that liquid plasma 
can be preserved for 9 to 12 months without refrigeration and can be 
administered easily and safely. Liquid plasma provides a colloidal 
solution of proteins which is effective in replacing depleted blood 
volume. 

At the present time most of the liquid plasma at the Army Medical 
School is maintained in the frozen state in a regulation ice cream cabinet 
which provides a temperature of — 20"^ In the frozen state plasma 
can be preserved indefinitely with practically no change in the labile 
constituents.’® When the plasma is to be used, it is thawed rapidly by 
placing the bottle in a 37‘’C. water bath. Thawing requires about twenty 
minutes. If thawed in this manner there is no precipitation of the pro- 
tein constituents. Plasma treated in this manner can be administered at 
once or kept at room temperature for several weeks before it is used. 

By freezing and thawing as outlined above it has been possible to freeze 
and thaw plasma eight times’* and then administer it without ill effects. 
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Blood Snbitttutes in the Military Service 
reactions have frequently been severe. The results reported preclude 
the use of bovine plasma as a satisfactory blood substitute. 

Bovine Alhumht: Attempts are now being made by Cohn and his 
associates to produce a purified bovine albumin. Janeway^* has reported 
on the clinical use of this material and states, '7t is too early to evaluate 
work of this type but it represents an important approach to the problem 
of providing cheap and readily available blood substitutes.” 

Isinglass: Taylor and \Vaters“ have recently reported the use of 
isinglass as a blood substitute. Isinglass or fish gelatin is prepared from 
the fish bladder. These workers have shown that this material is effective 
in restoring a normal blood pressure in dogs following hemorrhage pro- 
,duced experimentally. Further experimental and clinical data must be 
obtained before the effectiveness of this agent as a Wood substitute can 
be evaluated. 

Pectin: Hartman'" and his associates have published a preliminary 
report on the use of pectin as a blood substitute in the treatment of 
shock, Pectin is a nontoxic, nonanligenic, colloidal carbohydrate having 
a relatively high molecular weight. When injected intravenously it is 
eliminated by the kidneys in approximately 72 hours. The experimental 
and clinical studies that have been made on pectin indkite that it is 
effective in the treatment of shock. Exhaustive studies on the use of 
pectin are indicated before it can be accepted as an adequate blood 
substitute. 

Summary 

Developments concerning the use of blood derivatives and blood 
substitutes have been discussed. 

A description of the Army and Navy Standard Package of Dried 
Plasma has been presented. 

Human plasma is considered to be an effective therapeutic agent in 
treatment of traumatic shock, burns, hypoproteinemic states and for the 
emergency treatment of hemorrhage. 

Dried plasma, because of its long preserv'ation period without undue 
alterations of the protein constituents, its ease of administration and 
effectiveness in restoring blood volume, is the blood substitute of choice 
for use in the Military Services. 
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DRAINAGE OF THE PLEURA 


Although pleural drainage does not afford a subject so dramatic as 
certain other features of war surgery of the chest, such as the removal 
of foreign bodies, it is perhaps more important than any other. It pro- 
foundly influences both mortality and morbidity, and is probably the 
greatest single factor in determining the length of invalidism, which in 
a mismanaged or unfortunate case may be lifelong. Like the treatment 
of pleural infection in civil work it can be conveniently considered under 
three headings: (1) when to drain the chest; (2) the provision of 
adequate drainage; (3) when to stop drainage. 

When to Drain the Cheat 

Apart from the presence of frank suppuration the question arises as 
to drainage in less precise circumstances. It is well to remember two 
guiding principles which are of value in deciding whether or not to 
drain the peritoneum and which may well be applied to the pleura: 
(a) is a condition present which the pleura cannot deal with by itself? 
(/r) Is it anticipated that a condition will develop which the pleura will 
not be able to deal with by itself? We have a shrewd idea of what the 
peritoneum can deal with by itself, and I am coming to the conclusion 
that the pleura can deal almost as effectively with a certain amount of 
contamination, provided (a) the lung is healthy and no fistula is present; 
(i?) no infected foreign body is present; (c) there is no infected chest- 
wall wound. 

A penetrating chest wound other than a small one without haemo- 
thorax or pneumothorax of any size should be excised and either su- 
tured, if only a few hours old, or packed open. The question arises as 
to whether the pleura should be drained in these cases. IE the wound is 
large and with much laceration and contusion, or if there is a retained 
foreign body or damage to the lung, then the pleura should be drained 
by means of an air-tight intercostal catheter connected to an underwater 
seal and left in place for forty-eight or seventy-two hours. In fact, 
the surest general rule to follow is to drain every time. An intercostal 
catheter in use for two to three days can do no harm, and although per- 
haps unnecessar>’ in some cases, will be responsible for averting disaster 
in many others. I have seen undrained cases of this type heal satisfac- 
torily even when a haemothoraxw’as present and had not been evacuated; 
the deeper layers have healed over and the haemothorax has been suc- 
cessfully treated by aspiration, thus proving that the pleura has been 
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over it and secured by properly applied firm strapping. Such a wound 
is closed mechanically, but surgically it is still open. The pleura should 
be drained, as stated above, for two to three days. If it is then found 
that the lung is adherent and the deeper layers of the wound ate shut off 
from the pleura the drainage tube may be removed, although careful 
watch will have to be kept for reaccumulation of effusion, which will 
need drainage again if aspiration reveals that it has become infected. 
The parietal wound can, and in fact should, be closed by delayed suture 
packed open initially until the risk of spreading infection has passed. 

The management of a haemothorax may present many difficult prob- 
lems, but one of the greatest dangers to be on the alert for is the onset 
of infection. This may not occur until as late as ten to twenty days 
after receipt of the wound, and may lead to death from anaerobic infec- 
tion in a patient who had appeared to be almost convalescent, ^tesum- 
ably infection occurs from sloughing of devitalized lung tissue m the 
track of the missile. Close watch must be kept for the onset of 
the temperature may be no true guide, but a rise in the pulse S 

nificant The fluid in the chest must.be sarnpled at least every other day 
and should be examined at once for evidence of ^ 
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Drainage of the Pleura 

to try to work with him lying on his back is inefficient and footling. If 
a broncho-pleural fistula is present the operation can be performed with 
the patient sitting up and under local anaesthesia; it is probable, how- 
ever, that if the fistula is of any size a preliminary intercostal catheter 
will have been inserted earlier. 

It is best to connect the drainage tube to a simple empyema bottle, 
this enables the pus to drain away cleanly, saving mu a our s 
ance. and discomfort from constant changing of pus-soaked • 

and it encourages expansion of the lung by maintenance of a mild nega- 
tive pressure. 

When to Slop Drainage 

The termination of pleural drainage is a most iinportant 
may be difficult to assess exactly. When drainage has 
safeguard in the presence of a certain amount of pleural “"‘am'“‘™ 
it can be stopped in two to three days; but when . has been needed 
because o£ an established infection the problem is qui e 
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ihould the tube be taken out when a pleural pocket still remains pro 
gressive and satisfactory healing may follow but it is much mote likeh 
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pcrarily a latent pu's pocket remains to ^a „ turcr f o^em^ 
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with the need for daily hard work .„ ,h Pf ""Preraed 

or him to spend a gentle ten to i “brorvance it is not enough 
each morning but he* should trv to 'nstructor 
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expansion of the lung and obliteration of the infected pleural dead space 
is thereby hastened, always provided adequate and correctly place 

drainage is maintained. , , i 

As a contrast, how often do we sec those imfortunates «ho ^ave bee 
ill for months, perhaps years, still in bed most of the time, with a horri- 
bly flattened, deformed, and seriously impaired chest “<1 J 

running small sinus that either has a minute tube or no “ ^ ’ ’ 

worse still has a strip of ribbon gauze tucked in it. e u 
out wounded fighting men and civilians from this fate g 

cause it is avoidable, but one which has befallen many in 

Under proper and thoughtful guidance the ea mg j^janent 

pleural space can be achieved in a short time an wi ? 
disability at all; inattention to the simple principles ° 
down here may result in the producbon of “ ^ patient, 

will entail perhaps a lifetime of suffering and i ^ 

and great LoL loss not only to t m roermlnenrpension. 

the nation, which may be called upon to J be unnecessarily 

In addition the services of a useful citjzen or so y been 

lost. Not the least of the tragedy is that in most base of 

completely and easily avoided by taking fkqf of recuUtion 

management of the healing stage; in appreciate the seri- 

of the drainage tube, and occurs through fai u PP 
ousness of its casual premature removal. , consist 

Remember that the treatment of pleural ^'^PP'^^ £qj. providing ade- 
in doing an operation on the patient. The important one. 

quate drainace is only an incident in treatmen , expan- 

Treatment is concerned with securing and mam gg often the 

sion and thereby complete healing of the in jjgnt’s attendants) 

surgeon’s interest (and indeed the interest ® f P^^ ^f^gr operation, 
becomes progessively less as the days pass m ® ^ . should increase 
The reverse should be the case: inter^t and a ^ obliteration 

as the stage of healing advances, and in the na arrange 

the most scrupulous care is needed to mantpula e 
its removal at the correct time. 
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THE PLASMA PROTEIN, ITS PHYSIOLOGY RELATIVE TO 
THE NORMAL AND FAIUNG PERIPHERAL CIRCULATION 

By FRANK B MARSH, MD 
Roi^an Memoml Hospital, Sahshury, N C 
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The Plasma Protein, Its Physiology Relative to Peripheral Circulation 
course of events a cJemand set up by the tissues locally determine 
activih- of any group of capillaries under consideration. 

It (s held that the accumulation of metabolytes and a decreased oxygen 
tension, in the tissues at the site, initiate the capillary activi y. 
manner the operation of capillary circulation is regu a e supply 

present need and, under normal circumstances, “ ° JS 

lo the tissues of the body is maintained. It should ^ 
that the capillaries have the ability to constrirt or dila e p 
the demands of the tissue cells, regardless of the state of tone 

”"ta cLsideration of the maintenance of an efficient capillary circula 
lion several factors must be kept in mind. There must b 0) 
force from behind (adequate cardiac ^ (3) a 

degree of resistance in front (normal arteno at ^ncentration of 
proper distribution of electrolytes, (4) the physiological 

plasma protein within the vascular lumen, an ( 
reactibility and permeability of the capillar) wa . plasma, the 

Assuming an adequate concentration o pro existing between 

normal fluid balance is determined by the j the extra- 

the potassium within the cell body and the :on^ 

cellular fluid." Inasmuch as the potassium ion 

Diagram I 

• t-nff of two compartments 

Each of these figures represents a t^e relationship ^ 

separated by a semi-permeable membrane. diagrawrnatically pws • 

extracellular (A) aud intracellular <B) results in the state 

Fig. 1. The equal concentration of the 
of normal hydration. , . intracellular edema a ^ 

Fig. 2. The loss of sodium ion „ localisation '^“„„c„cc 

extracellular dehydration. This may irtensive burn, or as a 

pathological lesion, i.e., pneumonia or an body. »,nMt the 

of this unreploced loss of the ''“‘'"’’'‘j j^^Na ion in the body ’’""^“stitutini: 

Fig. 3. The presence of an cxce-s of ^ extracellular space , 

retention of an abnormal amount of water in Hvely larger 

a state of general edema. . , .. „ the loss of a r®*®. I, in 

Fig. 4. In the development of dchy ra larger quantity of ® 
amount of the Na ion gives rise to a relatirc y 

the extracellular fluid. The result is a state resn 

Fie. 5. The loss of a relatively ‘aspart of the condition 

development of a state of alkalosis, being 
trated in Figure 4. 
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tically spcakmg a fixed .juant.t), one ma) sa) tliae the proper distribu 
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atically illustrates the operation of these physical phenomena. 

When the plasma protein concentration is decreased, however, two 
deviations from the normal must result. These are: (1) owing to the 
greater differential between the osmotic pressure and the filtration force 
in the arterial end of the capillar)', a greater quantity of fluid is made 


CAPIULAR.Y _ 

ARTERIAL. 

B P. rC — }titcTRDi.vfn 
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LYMPH VESSEL. 

normal fluid balance 

DUCRAM 11 

to filter from the vessel at that point; (2) because of 

centration of the protein in the venous end of the capd ary a mailer 

quantity of fluid than that which escaped in the arter.al 

to re-enter the vessel at that point. These deval.ons from the no mal 

result in the accumulation of an excess of fluid m 

Diagram Three graphically illustrates this d.sturbed mechantsm. 
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Diagram III 
Traiimalic Shock 
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volume, second, there would result a decreased cardiac output, third 
there would develop a significaut degree of hemoconcentration, and 
fourth, as a result of the foregoing events, peripheral circulatory failure 
would follow, unless the disturbed physiology should be corrected 
Thus we see presented on a plausible basis the findings which charac 
terize clinical traumatic shock In fact, it is only upon the basis of the 
“c®'" quantities of plasma from the capillaries, the walls 
o whi^di have been made definitely more permeable to the plasma pro 
tein that all the features of this type of shock can best be explained 
rrespective of their inclination to subscribe to the theory of the 
local or the local and general* initial loss of blood voluL, most 
authorities have agreed that the loss of the plasma components of the 
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blood constitutes the fnr.r4 

clinical traumatic shock factor in the production of 

combination of the t^o re«t it alone the toxic substance, or the 

ability of the capillary 'wall s^ iL't ‘‘“f ^on and an increased perme 
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ments of the blood The her« ^ ^ncentration of the cellular ele 
the blood, the decreased increased viscosity of 

occurs in the dilated capillaries circulatory stasis as it 

that tissue anoxia itself is canable ^cll anoxia It has been proven 
an increased permeability of the ° initiate the dilatation and 

the greater dilatation of the caMlIan£‘“j“ produced 

fuse loss of the intravascular flmd resnih ^ widespread and pro 
ing in the further decrease in 
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The Plasma Ptotein, Its Physiology Relative to Peripheral Circulation 
the blood volume and more marked hemoconcentration.-' In this way a 
vicious circle is instituted with the establishment of irreversible shock. 
Eventually the peripheral arteriolar constriction fails to compensate tor 
the increasing loss of blood volume, the vital centers suffer rorn anox 
emia, the peripheral circulation ultimately fails completely and death 
supervenes. 
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THE prevention AND REklEF 
OF TRAUMATIC SHOCK 
DTACRAM V 


This pathological trend toward a failing failure 

be satisfactorily corrected and recovery induce instituted before 

is anticipated or recognized and the proper therap) 
the irreversible phase of the shock has develope 
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This method of treating severe hemorrhage will often prove life sar 
mg in the smaller hospitals where a large blood bank can not be mam 


The Shock of Burns 

resnect associated with burns is identical in all 

espects with the usual features of clmical traumatic shock « The de 

centration and the subsequent peripheral circulatory failure all manifest 



Diacram VIII 

to the underlying Patholocv^how^^*^ described There is m addition 
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Shock factors makes the remtroduction 
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into the circulation of adequate blood colloid pre-eminently urgent and 
imperative. As in traumatic shock, the restoration of the plasma protein 
reverses the pathological shift of fluid and electrolytes, re-establishes the 
blood volume, relieves the excessive arteriolar constriction, alleviates the 
hemoconcentration, and prevents the capillary stasis and tissue anoxia. 
Thus the peripheral circulation is kept intact and the clinical manifesta- 
tions of shock are prevented. . 

Most important, however, the development of shock accompany g 
burns must be anticipated. The colloid must be administered promptly 



THE PREVENTION AND RELIEF 
OF THE SHOCK OF BURNS 

DIAGRAM IX 

before serious indications arise; the of, „ enough 

be adequate; and, finally, the transfusion "I" treated. In no other 
to meet the need of the particular patien g normal physiological 
way is it possible to restore and maintain ^^ivifual. 
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Hypoproteineniia ^ 
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of interference with the peripheral circu a lO . ^^^5 sufficiently the 

After the amount of the While it is true that a large 

presence of clinical edema can be del / its presence can be dc- 
Aimount of interstitial edema may occur 
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HYPOPROTEINEMIA 

Diaoum X 
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which a sufficient intake of protein is not possible, the indications are 
not so easily met. In these instances the parenteral administration of 
human plasma, serum, or whole Mood is necessary to maintain a normal 
fluid balance and insure an efficient peripheral circulation. Such trans- 
fusions must be given as frequently as the indications for them may arise 

Conclusion 

The extremely important part that the plasma protein plays in the 
operation of the physiological processes of the body roust be appreciated 
and understood in order to employ most intelligently and effectively the 
transfusion of blood colloid in the treatment of disordered states. 
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two-ounce graduate. To 30 ounces o£ water add an ounce and a half 
of the carbolic acid and you have a solution of the strength of one part 
of carbolic to twenty of water. From the two quart bottle pour off four 
ounces and add the same amount of carbolic acid. You then have a 
solution of one part of carbolic acid to forty of water. Now you are 
ready to employ the Lister method so far as the solutions are con- 
cerned.” (!) 

Dr. Little described at the same time, the use of thymol which had 
been employed not very successfully by Dr. Weir. Dr. Little expressed 
the hope, however; "That some more pleasant antiseptic will soon be 
discovered to take the place of the disagreeable carbolic acid.” 

Dr. Little employed the spray and described its use in great detail. 
Then he said: ”We will now turn our attention to the antiseptic gauze. 
This is made of ver)’ coarse muslin or cotton gauze sprinkled with a 
hot mixture of resin and paraffin and one part of crystallized carbolic 
acid. Another material which can be prepared in the same way or pur- 
chased from a dealer, is the mackintosh doth or protective oiled silk.” 

Lister taught that a certain kind of safety pin should be employed 
with a guard protecting the point of the pin. He said that even a pin 
hole through the mackintosh might permit the entrance to the wound 
of enough germs to cause the death of the patient. 

In 1877, however, both Lister and Dr. Little were advocating the 
use of rubber drainage tubes. These tubes damaged the wound surface 
and permitted the access of new infection to the deep recesses of the 
wound. 

These inconsistencies — exposure for dressings with damage to the 
wound surface, and the drainage tube opportunity for infection, have 
led to many of our difficulties in the control of fractures and in the 
protection of the wound against secondary infection. They have led to 
pyemic and septicemic complications and have predisposed to inflam- 
mation, scar formation, disability and deformity. 

In 1904 when I began the study of orthopedic surgery I was drilled 
by Dr. Ridlon in the teachings of Hugh Owen Thomas (even with re- 
gard to intestinal obstruction) but he never did ask me to read the 
writings of Lister. I had not read all of them until after the war of 
1917-1918. It had been my impression that Lister’s original writings 
were very much out of date. I was familiar with the fact that Lister 
had renounced the antiseptic method as far as the carbolic spray was 
concerned. I thought then, as I have found many other surgeons to 
think, that Lister had abandoned his original conception of antisepsis’ 
w'hen he abandoned the spray. 
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peutic technique and apparatus for different patients, different occasions 
and especially for different splints and surgeons to arrive at standard 
methods, continuity, or systematic treatment. 

A common admonition of surgeon-teachers is that the surgeon on 
die spot in an emergenq* must decide the special apparatus, methods, 
and program appropriate for any patient. Every surgeon should have 
in mind that certain fundamentals, such as, restoration to normal posi- 
tion, immobilization, control of hemorrhage, and protection against 
further trauma and infection are essential and should always come first. 

In acute infections even more than in chronic bone and joint disease, 
immobilization and rest arc necessary to avoid or reduce infiammation, 
scarring and subsequent fixation, adhesions and ankylosis. 

We do not seem to have arrived at this “rest” point of view for the 
acutely inflamed fractures and compound fracture wounds. There is still 
the attempt to diminish the amount of apparatus, to provide more joints 
and mobility, to make our patients ambulatory and to render less effi- 
cient rather than more so the kind of control which Thomas described 
long ago as rest "enforced, uninterrupted and prolonged.” 

We should not forget that scatring, stiffness and disability in the 
vicinity of fractures are brought about by improper motion, inflam- 
mation and irritation just as they are in tuberculous joint disease. 

When I began my infrequent-dressing and rest method for osteo- 
myelitis, infected wounds and compound fractures about twenty years 
ago, I had become convinced that the Carrel-Dakin, Willems, and 
Blake teachings, and primary and secondary suture were all doing much 
harm. My feeling arose partly out of realization that the teachings of 
Lister, Hilton, Hugh Owen Thomas and Ridlon regarding infection 
and rest were being violated. I believed firmly that wound surfaces 
should be protected, that infected wounds of any degree should be 
drained, (hat all -fractures should be reduced and hnniobilrzed, arsd that 
any injured or inflamed limbs should be protected against muscle spasm 
and other painful movements. 

A very few clinical trials were sufficient to convince me of the cor- 
rectness of these assumptions. Many years of further clinical experience 
have assured me that these fundamentals are correct but that other 
details of treatment are often incidental and unnecessary. 

Aly own results have been obtained without sutures, without drain- 
age tubes and without antiseptic wound dressings. Sometimes cures or 
results attributed to chemical agents or "modified’' techniques have been 
attributed wrongly to them, when better immobilization, rest and pro- 
ieclire methods have given the patient Jbb own chance to recover. 
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kill animals in ordinary ways within ten minutes, could be excluded 
from the body of the animal generally by obstruction of the lymphatic 
circulation in the poisoned extremity. As soon as the ligated lymphatics 
were relieved, however, even after an hour or so, the poison which had 
been held in the extremity by this ligature, escaped into the body and 
the animals promptly died. 

Another experiment had to do with the reduction of the lymph How 
by physiologic means. Rabbits had their lower extremities completely 
immobilized by means of p!aster-of-paris double spica casts. Then snake 
venom was injected into the immobilized lower extremity, and one 
animal was found to be perfectly well after 105 minutes; then the 
plaster was removed and the animal allowed to move the limb about and 
died within seven minutes. A second animal remained in plaster for 210 
minutes and died 60 minutes after the removal of the cast. 

One method by which edema may be prevented, Dr. Trueta says, 
is by the enclosure of the injured parts in a plaster cast. The reduction 
of the lymph flow obtained by this means is further enhanced if local 
drainage of the inflamed parts is provided by incision. 

The support adduced, by Dr. Trueta’s research, for the immobiliza- 
tion and skeletal fixation of these extremities in plaster-of-paris is of the 
greatest importance. It has an important bearing on the immobiliza- 
tion and rest treatment of all infected wounds and fractures. It not only 
explains the excellent results we have obtained by this method, but 
points the way to further study along this line. 

I wish to refer briefly to the report of the Committee on Fractures 
and other Traumas published in Surgery, Gynecology and Obstetrics, 
November, 1941. This resolution was adopted at New Orleans last Jan- 
uary. The conclusions of this Committee may be summarized as follows: 

1. The use of snug-fitting plaster encasements in initial treatment of 
acute compound fractures is inadvisable. 

2. Early splinting, utilizing fixed traction, should be followed by 
adequate debridement at the earliest possible time. 

3. Wounds of the soft parts, not involving bones, joints, ne/wes or 
tendons, may be closed by secondary suture when bacterial checks in 
the laboratory prove that closure of the wounds is permissible. 

My answer to these three proposals in general is that they represent 
the point of view that prevailed during the War of 1914-1918. Tliat our 
results then were most unsatisfactory no one now attempts to deny. . 

With regard to the use of plaster, thousands of surgeons are now 
prepared to assert that properly applied plaster-of-paris casts may and 
should be used immediately after compound fractures. If such fractures 
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A diversion that is a common cause of ineificiency in fracture treat- 
ment arises out of the idea that the patient will be better off if. he is 
made ambulatory. There is seldom any justification for trying to get a 
leg or femur fracture patient on his feet. As for moving joints in the 
vicinity of fractures, this is still as wrong as it was before skeletal fixa- 
tion was invented. Certain complications, such as localized iniection, 
failure of union and even stiffness of joints are much more likely to 
occur in any ambulatory fracture patient. 

A final point that I should like to emphasize is that it is seldom nec- 
essary to experiment upon the patient with new methods or techniques. 
It is quite possible to decide upon theoretical grounds whether a ne\% 
treatment is likely to do more harm than good. If a proposed treatment 
is inefficient for fracture reduction, if it fails to provide or prevents 
adequate drainage of an infected wound, if there will be motion or 
muscle spasm or pain in a fracture area, if the fracture must be read- 
justed after reduction, or if the wound must be traumatized or exposed 
to reinfection, the new method is probably not worth a trial. It will 
usually be better to adhere to the methods we now have and that do not 
neglect or violate the fundamentals of reduction, asepsis, drainage, im- 
mobilization and rest. 

It is always the duty of the surgeon, not only to provide proper 
conditions for recovery, but to protect the patient, as far as possible, 
against his own voluntary, or involuntary, violations of the treatment 
regime, or other indiscretions. 

^ Frpfti i of Ctiiticot hfctuTfif E^lil^4l b) E. C Seguin, llT, No. ti. p. 29S Now ^ofk, 

O. P Putnam & Son*, 1878 

‘ Th< contonllon tliat the end* of the fragment* *ep.iraie becatije of abiorptlon and must be brought 
together h> secondary adiustment !» a1*o »fong If the fragment* are In correct position and truly 
immoblliaed from the beginning, absorption at the end* mil not occur. 
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FRACTURES SUSTAINED IN WAR 


By WILLIAM DARRACH, M D 

Atte„d,ns Surgeon ,n Charge of Fracture Servtce, Presbyterurn Hoepttal 

New York, N Y 

The treatment of simple fractures under war conditions differs in no 

Telrt”” "‘*“"'5' P™‘«t.on, early 

reduction and proper immobilization ate the mam indications 

According to the statistics of the last war as published by Love, the 

woundrofth 1 ™ “ft part 

chest and idoLnT per“cIt'efci'“The"‘‘ 

are a most important group ^he compound fractures, therefore, 

diffS'^from compound fractures produced in war 

of 5 to 15 cm of bon. ,, II , , f^o or three fragments, an area 

amount of soft part dam7e WiKe oorresponding 

part damace and conPammoi. ^ gun wounds the soft 

by shell and bomb fragmentrthe"'Zma produced 

lacerated wounds confain bits of clothi' 

Another difference between the civiirf 

transportation which has an imnon .1^ problems is that of 

work the first trip the patient h^s^"* faring on treatment In civilian 
he arrives at a hospital he can '*'7 difficult but once 

kept suiet as long as may be n7e“IX 

IS often interrupted bv several ^ Under war conditions treatment 

~ s rH “ *' 

mental principles of tieataem nf "" P“''’°'°fimal condition, the funda 
ate the same as those cncountc ^'""1”“"'* fractures sustaiued in war 
are based on the facts that we 7 T”' P'“'^‘ee These principles 
receiied injuries to their bones onA '"S '''* "idividuals who have 
municatmg with these minted a “ft Parls. with open wounds com 
introduced into the depths of il, contaminating material 

can do nothing to confrol the etoTl 

do a great deal to reduce the amn » c original injury but it can 
man is exposed to after he has » secondary trauma the wounded 
ment is to reduce this secondarv tr * object of the first aid treat 
protection of the uounds earh «m**^!”* ^ minimum This involves 

at the earliest possible moment The chemotherapj 

^f'trsh Arm) m the last war reduced 
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their mortality in compound fractures of the femur, from 50 to 15 per 
cent by the application of Thomas splints by the stretcher bearers. The 
reports from Pearl Harbor of the delay in the spread of infection by the 
early use of the sulfa drugs are most encouraging. The results of tetanus 
toxoid immunization promises even to surpass the efficacy of the use of 
antitoxin. 

The second principle is the operative treatment of the wound at the 
earliest possible moment. In addition to the broken bone there is lacerated 
muscle and fascia, much of Jt damaged beyond repair. This dead and 
dying tissue furnishes ideal conditions for the growth and activity of the 
contaminating pathogenic organisms introduced into the wound. These 
must be removed by careful dissection and irrigation. Surgical cleansing 
of the wound, called debridement, needs extreme care and gentleness in 
order to lessen the secondary trauma and to avoid spreading the con- 
tamination to the deeper planes. Under complete anesthesia and with 
traction maintained, the wound is protected by gauze while the sur- 
rounding skin is thoroughly but gently scrubbed with soap and water. 
The injured part is then draped and the excision of traumatized tissue 
and foreign bodies carried out with sharp dissection. This is done in 
layers with frequent ch&ngt of instruments. At the same time the wound 
is irrigated with plentiful amounts of saline solution. Four quarts is a 
minimum amount. In irrigating the deeper planes, the sides of the 
wound are retracted and the nozzle introduced so that the flow will be 
from within outward. The object Is to wash out the wound not to wash 
in contaminating material. The debr/ded tissue should be put into a 
sterile container for aerobic and anaerobic cultures to establish the 
character of the contaminating organism. On completion of the de- 
bridement, salt solution from the depths of the wound should be cul- 
tured to test the efficacy of the operation. The result of these cultures 
will be of help in deciding on the future treatment of the wound. 

The next problem Is to bring the bone fragments into normal align- 
ment and to apply dressings to the wound. At this stage, one of the 
protective drugs is introduced into all the planes and crevjccs of the 
wound and the surfaces separated by vaseline gauze. Although some 
surgeons are of the opinion that these w'ounds can be closed if seen 
early and properly debrided, I believe strongly that they should be left 
open. Many successful primary closures are reported but when they 
are not successful the results are often calamitous. Tension within the 
wound favors bacterial growth. Which of the various sulfa drugs or 
zinc peroxide is the most efficacious for local use in these wounds is still 
a debat-ible point to be established by further experience. Apparently. 
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if one of the sulfa drugs can be introduced into the wound as a primary 
dressing procedure and the oral administration started at the same time, 
the surgical treatment can be carried out with success at a much later 
period than if the drug is not used Six to eight hours was formerl) 
thought to be the safe period without the use of those drugs With 
theic use such treatment may be successful after even two or three da)S 
The next step in treatment is the immobilization of the injured part 
This can be accomplished by traction and suspension, by circular plaster 
splints alone, by wire or pm traction, the wires or pins being incorporated 
into plaster or into some external appliance such as the Roger Anderson 
method or by rigid internal fixation % plates and screws These various 
methods have been enumerated in the reverse order of their efiicienc)'. 
Suffice It to say that the constantly repeated movement of the bone frag- 
ments during transportation and dressings is a large factor in the spread 
and continuation of infection. 


Summary 

Compound fractures form a large percentage of war wounds Al- 
though the pathological status is more complicated in w'ar wounds, the 
principles of treatment ate the same* (l) first aid protection of w'ounds, 
early splinting, early use of drugs, (2) operative cleansing of the w'ound 
at the earliest possible moment, (3) reduction of fragments and (4) 
immobilization 
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IVIARCH FRACTURE 

By GEORGE R. KRAUSE, il.D. 

MajoT, M.C., U, S. Army 

The term 'march fracture" is applied to fracture of a metatarsal 
occurring in persons who have experienced prolonged and repeated 
foot strain, but who have not suffered a single obviously severe injury. 
This syndrome was brought into prominence during the first World 
War, although it has been described as early as 1855 by Breithaupt, a 
Prussian military surgeon, who named it "Fussgeschwulst.” Ste^ow 
(1897) is credited with first making the diagnosis by means of the 
roentgenogram, and demonstrating the presence of a fracture. Since 
then the subject has been thoroughly discussed in the European litera- 
ture. Maseritz® has compiled an excellent bibliography of these writings. 

A few papers have appeared in the American literature in the last 
decade, notably by Speed and Blake, ^ Meyerding and Pollock,® and 2eit- 
lin and Odessky.® In spite of this, the post-war generation of physicians 
is still prone to overlook this disability, as is evidenced by the fact that 
we have recently seen a number of cases in which the correct diagnosis 
was not suspected until roentgenograms were made. 

Hundreds of thousands of young men are now entering the Army. 
In the course of their military service these men will walk distances 
much greater than they were accustomed to walking in civil life, and as 
a result, this otherwise infrequent clinical entity is certain to increase. 
The author saw only one case in three and a half years prior to entering 
on active duty with the Army, but has seen 9 cases in six months at the 
Station Hospital, Fort Jackson, S. C. A search of the files revealed one 
additional case. 

We wish, therefore, again to call attention to this syndrome, to review 
the clinical findings and symptoms of "march foot,” and to demonstrate 
the various roentgenographic appearances. 

Etiology 

The pathogenesis of these fractures is not clearly understood. This 
fact is best demonstrated by the multiplicity of theories advanced by 
different authors. Periostitis, myositis, disturbed circulation, pes planus, 
a short first metatarsal, bacterial or trophoneuritic factors have been 
variously' suggested as the underlying or predisposing causes. We do 
not propose to discuss these hypotheses, but point out that all patients 
give a historj"^ of prolonged and repeated foot strain, such as would be 
sustained by marching, hiking, or standing for long periods of time. 
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Brandt* has ably summarized this by statmg that these fractures are the 
result of rhythmically repeated, subthreshold mechanical msults, actinc 
y summation, to a pomt beyond the capacity of the bone to bear stress 

troneVabowf 

caus?ofT‘T‘‘ of ft** bone is the direct 
use of the fracture, whatever the predisposing conditions may be 

I md la^ 7 7Tf 7 ffu ‘’“=” ft such condiLns, 

military or evil life, should be suspected of having a "march foot ' 

Clinical Findings 

patilm r.sts That ft “ ‘"““'ft"* ft oases the 

Let m lhe'Ll oLty^f^sn 

a slight discomfort ® syftptoni IS usuallj 

seventy and IS manifest only whm'theb^r’ “creases m 

The patient walks with a limo T “ P ““f ‘b® f°“f 

‘“tis pL'" '7''^“''* -?Lt.irSfteTot^ 

fte^tL^rLtaLriz^r^r ^ 

will disappear with rest Later appears but 

Roentgen Exammation 

needed to “L^the dLgLi'fZfyTu.*°"“® “™mum detail, are 
point cannot be emphasned too sn i “'‘“co* This 

holders should be uL prefeablL"ft’' cardboard film 

Z'l.T' shLld be emulo“r“mf '’‘ft- “"‘f ‘be smallest 

should be at least 36 mches to mm ^ ‘“‘S't <*'“ distance 

be fiimlj immobilued duimn tZ 77 <‘“‘o«‘ou, and the foot must 

'"'oZrZs^f L cb“'’“^’ “Ttaktil 

Jiv.de this syndrome into hZ7t77 .? '''' ft'"‘S<*"°Srams, we may 
, “ “'"'Senogram taken durmf ft, c “ ™P<>«**nt to remember 

to ten days after the onset of Im m (™ft*n the first se\en 

Ranges Because the fracture linJZ 'b*'"' "o pathologic 

^anse no displacement occurs T.s dZ'T 7^ ““mplete, and 
E'en on tcclinically perfect roek Loim ' 'c ‘‘^“"^'“te the fracture 
'.s.blc. but the betleV the qnahft '''' ''ne may not be 

1 '“y of the roentgenogram, the better the 
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March Fracture 

cJjancc of demonstrating the fracture. If the fracture line is demon- 
strated, the diagnosis is obvious. 

In the second stage, from one to tliree weeks after the onset of 
symptoms, a loosely calcified and fuzzy callus is seen in the shape of a 
spindle or q'linder around the shaft of the second or third metatarsal. 
Any other location is very rare. At this time the fracture line is visible 
in most cases. If the foot lias not been placed at rest immediately after 
the onset of symptoms, the loose callus is surprisingly abundant. 

In the third stage, after immobilization in a plaster cast, the callus 
becomes denser, more circumscribed, more sharply defined, less bulky 
and looks "harder." This takes another three to six weeks. The frac- 
ture line is often still visible. 

In the fourth and final stage, several months later, the only remaining 
sign is a slight thickening of the cortex. 

Roentgenographically considered, march fracture must be differen- 
tiated from osteogenic sarcoma and Ewing's tumor. 'The differentiation 
may be quite difficult, especially if the patient is seen in the second stage, 
with a spindle of callus around the metatarsal. In such cases recourse to 
the history must be had, and careful inspection of the roentgenogram 
for a narrow fracture line should be made. If it is still impossible to 
separate these entities, a cast should be applied for three weeks, then 
removed and the patient re-examined. If one is dealing with a march 
fracture, the callus should be smaller, denser, and more circumscribed, 
whereas in the case of a neoplasm the spindle would be of the same or 
larger size. It should further be remembered that the foot is not a 
common site for osteogenic sarcoma or Ewing's tumor. 

Treatment 

The treatment is that of any fracture in this area; namely immobiliza- 
tion, preferably in a plaster cast, for three to six weeks, followed by 
physiotherapy. 

Case Report 

Complete case histories could be taken in 9 of the 10 cases seen in 
the Station Hospital. Two men had been soldiers for over eighteen 
months. Two had been laborers and 6 had had sedentary jobs before 
induction. All of the men were very well nourished. They ranged from 
slender to very heavy in build. Excluding the 2 Regular Army soldiers, 
the length of service before the onset of the symptoms varied from three 
to nine months. - These men, therefore, had already completed the pre- 
liminary course of training and were in good physical condition. 
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Fig. 1. Nineteen days after onset. A faint, lightly calcified callus is seen 
around the distal end of the thin! metatarsal. A narrow, incomplete fracture 
line is present near the distal end of the callus. This is the second stage. 

Fig. 2. Twenty.nine days after onset. The callus has increased m amount 
but is still fuzzy. The fracture line is barely visible. A cast was applied imme- 
diately after this roentgenogram was made. 

Fig. 3. Two months after onset, and immediately after the cast was re- 
moved. The callus is smaller, denser, and ‘‘harder. It is now sharply outlined. 
The fracture line is not visible. This is the third stage. Tlif> 

Fig 4 Three months after onset. The excess callus has disappears. The 

only remaining Shlg is a thickening of the cortex. This is the fourth stage. 

of the 10 cases seen at the Station Hospital, only 2 were correctly 
diagnosed before the roentgenograms were made, in spite of the fact 
that the history of the present illness was cleat cut in every mstance. 
The following case history is presented as a typical example of this 
syndrome. 

MPa 27-year-old laborer, entered the Army ns a selectee on Jan. 10, 1941. 
He infanlrs-'rofrinicnt .nd given thv nsn.l 

He had no trouble until June S2, 1!>«. when, .bout halt way “ ^7-™ . 

march, he begun to notice pain on the plantar surface of 

pain gradually became more severe but was “ Imnlele the march bn 

carried the body weight. After a rest he hormaenes^L aSphaU 

experienced considerable pain. Rest and soaking n pn walking, 

solution gave some relief. In the ensuing days, pai .. „pj jujy On 
but since there were no further long marches, the man d,";; 

July 10, however, he reporh^d «« «)« p^ztyjiose cair/ermatle^n 

after the onset, a roentgenogram (Fig. W , v.rxwfinn nf the third meta- 

and a narrow, incomplete fracture line in the If <■ ?»«'»" “'hfj'ot On 
taraal. The patient was relieved from to be con- 

July 21, another examination (F.g, 2> J visible. At 

siderably increased in amount, and th Hosnital and a plaster cast was 

this time the patient was admitted to the ®”?ip7vfas seen to be 

applied. Following removal of the cas , o • » fracture line 

le7s bulky, more dense, and to 

was no longer visible. There was now P thickening 

duty. A follow-up roentgenogram (F g. ) V recurrence 

of the cortex. The patient was symptom-free, and nas 
of pain. 

Summary anil Conclusions 

Attention is drawn to the syndrome of 
will undoubtedly be seen more ^ q j case 

expanded. Ten cases have been seen by the author, w n 

history is presented. absence of a history of direct 

The important diagnostic pom metatarsals with each step; 

trauma; pain on the plantar 5“^“ * ^ metatarsal; edema of the 

locahaed tenderness over the second or third met . 

dorsum of the foot The foor or "mafeh fracture” may be 

This syndrome known as inarch toot 
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divided into four stages on the basis of the rocntgcnographic findings. 
During the first ten days following the onset of symptoms, an incom- 
plete, narrow fracture line may be present, but failure to demonstrate 
such a fracture line does not exclude a "march fracture." In the second 
stage, from one to three svecks after onset, a spindle-shaped callus is seen 
around the second or third metatarsal and the fracture line is often 
visible The amount of callus is usually large in proportion to the extent 
of the injury. In the third stage, after immobilization, the callus is 
smaller, denser, more sharply circumscribed, and the fracture line may 
still be visible In the fourth stage, the only finding is a slightly thick- 
ened cortex. A higher percentage of these fractures can be diagnosed 
in the first stage if technically perfect roentgenograms can be obtained. 

The treatment is the same as for any fracture in this region 
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AVIATION MEDICINE IN THE NAVY 

By REAR ADMIRAL ROSS T. McINTIRE 
Su.rgeon General of the Navy 

There is nothing mysterious about the field of aviation. When a 
young man graduates from his training school and becomes a £u - 
fledged pilot he is still the same human being that he was before he 
started his course. True, he is now living in a much more hazardous 
field of activity and will be subjected to more severe slrarn, ““‘“I 
and physically, than he has previously been accustomed to. Ihe oM 
myth that people in aviation ate different and set apart from their fe - 
lows is steadily being exploded. The primary duty of the doctor who 
is a specialist in aviation medicine is to see to it that this is rue. 
aviator must be made to feel that he can live a reasona y norma 
and that the hazards and strain he meets in his daily duty ' 

ably normal for him. If he is mentally and physically alert the hazards 

are not insurmountable. , . , «r->« 

For many years aviation medicine in the United , 

given over to an attempt to aid in the proper if “"j 
Ln for the various branches in aeronautics. The 
his best to understand the problems that faced 

Force. We are finding a l*e;itua.ion m our navaU.r fcme foll^^^^ 
extensive activity over a period of seve rrimkat Pilot faticue 

is as serious as if these men had been in adual ^ .^'flight suf 
and staleness ate two of the most “”P” “ . ^ j j jj ^s important 

geon has to evaluate. The good judgment of the doctor . P 

as the ability to recognize the condition. jy ^^5 

In the old days inadequate provision . pjiots were 

always present. Cockpits of There was no adequate 

subjected to the bad effects of extrem ■ ,1,,. ex- 

safeguard against carbon monoxi ^ron^ ^ eonsidetable confusion that 
haust. All of these things helped to feelinc that the pilot 

was present and had a great deal to o throw off 

had to live a different sort of life so that he would be able 
the effects caused by these conditions. 
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Very httle was done to solve the cause of fatal crashes and onh 

"I f ■" °f atmospheric hygiene, a 

term which you might say was practically unknown a few ySrs ago 

leve ; a 1 “‘>0“' "'e use of oxygen in higher 

level , and he attempts to break altitude records by soTO of our ^rt 

ork in this field The Army carried on a similar piece of work m fact 

riearned’'veThttrT‘’'"'r 
matmtthVZrfromTu'rfi “t 

our attempts were ponderoL'Ld '‘andpoint We know now that 
Wht“‘b®‘' exammations “ 

tion was going fortw?s[’eaddv^^*m 1 °"’ side of avia 

level as L fs cr^hes Zt l “t a 

the airplanes advanced with am mechanical perfection of 

have tfught us a great deal o7 Thf ^'’ 1 “''*^ 
fly safely m altitudes well abo4 30mta 

time the Germans have been iKIa » ^1’** 

than their opponents It coes Wl(hon^°e eonstanti} higher levels 
to come in above, and behind hi< “X'^’S that the pilot who is able 
m aerial combat ^ tremendous advantage 

and to™ meTxTenrhaircSlS**’' P'”™' ” ®“toP=. Germany, 

various problems havinv to do wnT ^aearch m the 

m pilots Great Britain and the li conditions and fatigue 

to- regard when ccmpa "d with wh'f Pto'^h^H/ -otiung.n 

mentioned In the countries Tf Eu T countries just 

yaars to lest all p.lo„ ,„ few r^r** “ «■= for man; 

°^,toa mflmdual could be establishM^mi,*™’’"^ “ ‘hat the ceding 
mtovidual through many te' f This was done by putting Ihf 

peat deal of equipment Jmj . ‘ ““ Of course, this took a 

installation that contained a W* "^“h^r Service had an 

“a'fl flo in that regard “''“her The only work 

at the Navy Yard in WashiLon wh c' P^P^'m^ral Diving Unit 
pressures has been carried out W tt' under high 

I have painted a VAr,, a 1 ^ 

O' g oomy peture up to this point and it is one 
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that we are not proud of, but like so many things through the years 
there was not considered a great need for hurry m solving many of these 
problems. Today the flying surgeon is well equipped to c-ry ont al 
fhe routine measures that are necessary at an active aviation ba e o 
field. The Army has splendid training schools and they are able to 

supply the ofificers necessary for that Service. .iviation 

The Navy has only recently established its own school for aviation 

medicine and is now turning out its own 

however. So today the Navy is going ahead with 

in all the fields that have to do with the ^“r ta 

few months there will be established at the Nava Med cal Cente in 

Bethesda one of the most complete laboratories o '‘^md j 

any other country. Here the «”rn%r nt^s 1700™ 

only by the Navy, but by any of I’' ; expect 

under our present National Researci p* Navy expects 

to see a ver)- splendid effort made in research, and the Navy p 

to play its part in fo fi„d a safe and satisfactory 

We are now engaged in an attemp 

oxygen supply apparatus. Up to this im nerfectly at altitudes 

almpletely satisfactory one which will function pc*cdy 
above 30,000 feet. We hope to see this » -f ", *VaH, ,,, seldom 
Today planes fly at 400 miles an hour; ™ hour. Our 

that we saw a plane that could ° hie of sustained flights 

long-range bombers and patrol plane P missions. Night opera- 

of Lr ?4 hours, with large crews and ™ ^her ships 

lions are extensive and ope^^onyt^ea^fromja^^^ 
ate a special consideration. T performance has 

m flying has greatly ‘"“eased jhe controls, 

come to exceed the capacity of ^ p ,h3t has and 

The Navy is turning to ‘"^''“"“Sched » the Diving Unit at 
is being done by the officers an men hcyond the shadow 

the Washington Navy Yard. B*" jhe diver, that is, that 

of a doubt that the same problem “ ^.h|^h the aviator some- 

of bends, is the same as that of aero- ah e 

times encounters in the higher ^ satisfactory supply 

to overcome the bends, and when we ship's crew, the hazard 

apparatus tor the pilot and other 

of aero-embolism will be speedily jj. S. Public Health 

The Navy has engaged j^dies on oxygen supply 

Service Research Laboratory at e e extensive field studies 

apparatus and aero-emboHsm. e 
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of t ^f^rarland 

teen to fifetn feall andtr ‘'"'"® ‘‘T '"“‘’“S ^ 

mg and “the" aer a'l T *° D.ve bomb 

to tremendous stress of five™r sT l'^*" subject the pilot 

that a pilot IS subjected 1 fi” m 

conditions he is helpless to a nreat decree Th^“ 

the circulation result, nc ,„ SL ®r u. ttfrect is upon 

level and a resulting failure of ™on bSout“’’ald 

unconsciousness if sustained This is an imiZ r 

most serious consideration mportant matter requiring the 

man trs!:ives““:TuesZ^^^^^ ' f-l that the 

fatigue ,s will have done an untold^s " 1’™^''“'“’^'! ™rld what 

ftat resulting when the^mental«ab,htv^ofr!!’ nation today is 

This calls for the most careful and d.!d 'be pilot becomes unsettled 
symptoms are apprehended m the ve™“"’T *’“"‘'''ng, and unless the 
plications result We are now Lkin? serious com 

proper means of evaluating the TamJ V''^ =''™P‘ to find 

cm ri" “f ™mbat C w of our pilots who 

going through and we know that a^tre^' ®te 

7^y ftom active duty^ever ^"‘'°“\'’''“ber of men have 

of the medical profession to ret’urrtoerr ‘"fb-bty 

!s *be pilot ^en'h7 '"“““onal facilities that 

iLT '“"utional area ^We are ” c" =‘"‘‘ "-bun he 

•ooking into the subject of cm. , ‘ban this We are 

“ ? “‘'-‘snd thT -bich will not b 

ScaT S “■" ''“1 be n„d ' ™ ‘be hnes of a summer 

''iir ” 

hriTh '’T 'mportance of good night 

tion Since night flvjnr» j ^ ^^nprovement m the cnrlrnii 

T diseases were due to vitamin de 

334 



Aviation Medicine in the l^avy 

ficiencies, and arc today for that matter, some 

by crorvding certain of *ese vitals mm the ^ 

ately see much better m the dark. ‘ ^ ^ § ^rtrimVations have 

on dark adaptation and in conjunctron with civil o g 
established certain interesting facts. I think I ) 

the vitamin theory is of very little use in helping a man to see 

"‘®We have a great deal to learn about 

general reaction time, depth perception, whereby these three 

Splays with these two. I J-OP^ 

things are linked together, since it g 

making the pilot much more efficient in aerial combat. 
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(15 miles) . The balloon which carried the oxygen pressure gondola had 
a volume of 3,700,000 cu. ft. and used helium for the lifting medium. 
Air samples, obtained near the ceiling of this flight, showed that t e 
proportion of the component gases in the atmosphere was about the 
same as that found at sea level. • i r • i 

The oxygen pressure gondola is not of practical value, eit 
or military aviation. It may be said that the pressure suit, w ic e 
British Royal Air Force used, is not likely to have military exp oi a ion 
because the increased pressure makes the w'earer almost ^ 

ever, the pressure cabin aeroplane, which was deve ope rs m , 
has been successfully used in substratosphere flying, a ou , ’ 

flying from New York to the west coast and it has been also e p J 
in military operations above 40,000 feet during t e presen 
In this type of aeroplane, the pressure in the closed 
set at that which would be present at an altitu e o . 
though the individual is quite comfortable m t ese ca , 
danger in military aviation is that a leak in any par oxvcen- 

cabin. at an altitude of 40,000 feet, would of 

want with unconsciousness, and also might resu m 
air bends. It seems likely, none the less, that m the fi ture th«e 
be more and more expert development of of 

civil and military purposes. At the present , pressure. The 

aeroplanes which travel at high altitudes P pj^ygen to corn- 

pilot breathes oxygen-enriched atmospheres up , ^ passengers, 

pen, ate for the dimmished pressure in the a.mosphe e. The 

both civil and military, are pursuing a safe ^ succeeding 

at altitudes above 10,000 feet, as will be made clear 

Physiological Factors lo.olvcl in ll^JI'llbove^.OOO feet 

The fact that engineers have built planes * physiologist 
and travel faster than 7 miles a minute as 

and the physician with four major prob ems, t. ^ , ^c-cessor}' sinuses 

bends. (3) pressure disturbances m the ears. 

and abdomen, and (4) the effects of which is involved on 

The most fundamental physiologica ac atmos- 

ascending to a high altitude is the expansion ^ ^ ihcr of 

phere in inverse relation to the pressure. 18 000 feet, one liter of 

gas at various altitudes, it will be r ^ four liters, and at 

gas has expanded to two liters and at 3. . remains constant. 

42,000 feet to six liters. Since the volume ° j smaller amount of 

the expanded air in the lungs contains a prog 
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the individual air constituents Thus, one liter of air at 42,000 feet would 
only contain one sixth as much oxygen as it did at sea level Breathing 
1007„ oxygen cannot compensate for altitudes aboie 34,000 feet, since 
expansion of an atmosphere of pure oxygen ultimately results in such 
dilution that an insufficient number of oxygen molecules exists in the 
lungs to maintain a normal pressure of oxygen The number of oxygen 
molecules in a given space becomes progressively smaller as the pressure 

rJ ''T' ‘“"S* ulmost con 

stant and the pressure of carbon dioxide persists, moderately lowered 
by increased ventilation The sum of water vapor and CO- pressure 
must be subtracted from the total pressure, and v^al is left c'ons.sts of 

wasZffim’LTr 'he 'ndivlal 

hit I f ® ^ although inspiring 100 per cent oxygen the 

or 82m:T I""* m.£bt L 7f + 3S, 

of oxygen ® P'«sure was 138 mm Hg, the pressure 

-bile he was inhairi'p'Zxy^en'^® 

to 40,000 feet mTchambe"' ^ ascending to a pressure equivalent 

m th; intetlZlZtnd ‘for ext'r? 

tjuarts, which would mil a \t, one quart to over fout 

for the fact thrl^he *‘"™"'fo'^ble were it not 

intestinal canal aiid is gotten r!d''of"in’l'' P““'' ‘brough the 

tion IS present in the mlAn large amounts If some obstruc 

promptly lowered if ,t ,s feasZ'to do'"so"'*'‘''’ pt«"re 

Oxygen.Want 

volZt“f“rm‘’Zungshar™‘*''!! ? 

tains only one half as much volumes of air, and con 

air at 18,000 feet is equivalZf^« k at sea level Breathing 

which IS approximately one half oxygen at sea level, 

atmosphere t e , 20 93 per r ♦ tt. of oxygen in the 

mthealveoIiofthelunPs f.il pressure, therefore, of oxygen 

of carbon dioxide m thf afvLrof I increased The pressure 

up to the point where the mdivr/T i remains relatively constant 

begin as low as 10,000 feet hyperventilate This may 

until an altitude of about 15oon f^*'' pressure is apt to fall gradually 
increase in pulmonary ventilaAr.n ^ reached when, due to a sharp 
pressure, it may rapidly fall to 2***^^^^^*^ ^he diminishing oxygen 
At this point the human subiect f" 

ermg both from severe oxygen 
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want and from alkalosis, the latter produced by a disproportionate loss 

of carbon dioxide from the lungs. i li j e 

If we were now to measure the ox>'gen saturation of arterial blood a 
various altitudes, we would find that the blood 
less saturated with oxygen as the altitude is increased. us, a > 
feet, the saturation of arterial blood with oxygen would be ^^out 78 pe 
cent. At sea level, the hemoglobin in arterial blood is 95 per , 

ated. Paul Bert was the first to point out that the primary e ec o 
on the human being was due to the diminished pressure o ^ , 

atmosphere. One of his subjects, Tissandier, undertc»k ^ baUon ftgM 
with Croce and Sivcl in 1875. The latter part of the 
scribed by Tissandier as follows; "Body and mind 
There is no suffering. On the contrary, one feels an mwar J ^ 
is no thought of the dangerous position; one rises an is g 
I soon felt myself so weak that I could not even ^“^^000 
at my companions, ... I wished to call out ^ fell 

feet but my tongue was paralyzed. ^ talloL ascended to 

down powerless and lost all further memory. Tkcandier recovered 

28,820 feet and then came down of its own stigations 

but his two companions were dead. Since * ‘ ^ mountains, 

have been conducted at high altitudes of oxygen 

and by laborator>' experiments m which ei that for proper 

or the pressure of oxygen was lowered. « nressure which is 

activity of any organ, oxygen must be supplied at a pressi 

not fat below that present in the atmosp ere. 

The Symploms of Oxygen 

The early signs of oxygen-want are a exposure to 

and an increased volume of breathing- symptoms appear, 

a moderate altitude, such as 12,000 feet, la is more pro- 

namely headache, nausea and lassitude. ^jjjptoms take place, such 
longed, or the altitude is higher, more seve > When lack of 

as vomiting, fever and pronounced men a feeble, consciousness 

oxygen is very severe, the pulse becomes j damage is done to 

is greatly impaired and finally 

the central nervous system, heart arid o -hitudes has been studied 

Within recent years, the effect ^ aviation aeroplanes 

carefully, primarily because of the a 12,000 feet. Investiga* 

were being flown at altitudes of from . ^^j^jonably takes place at 
tors have shown that mental Vmge subject is e.xpo5ed 

altitudes of 12,000 feet and over, when the g 
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for a period of three or more hours to tins atmosphere There is a 
decrease m rnemor; reason judgment and emotional control Some 
of us belies ed tint pilot error ssas m some instances caused b) im 
paired judgment due to oxjgen scant at these altitudes A prolonged 
series of hearings svere held before a subcommittee in the U S Senate 
m 1936 to investigate certain aeroplane accidents and notabl, the one 
in which Senator Cutting ssas killed In the book then issued on the 

udle , P'lo's 

PilotTl h 7‘ This IS all the more remarkable because 

al nudes h «>‘"S 

al itudes as high as 10 000 to 12 000 feet It is noss recognized that 

aerop ate* Aro "T'* ‘‘7 “oducting an 

aeroplane through uncharted areas in the st, but mas be the result to 

considerable extent of mild degree of oxjgtn ss ant On bit 1 1911 

reguhhons “pot'tiMs n'"""''' ds 

camtr aircraft sh II No air 

altitude exceeding otoo'’f«rtbtve“''’'‘*t'‘* l'”' 
than thirty minutes nor t ” f “ ''7' for more 

level for any length of hm, >2 000 feet abose sea 

effective oxygen apparatus an l"*" '7^ aircraft is eijuipped ssith an 

the convenient usetf the operaontt!''’ ' for 

apparatus ^ ^ proper use is made of such 

oxygen svant*tnd"othtstTeteltisd°' sensitise to 

may be deprived of oxygen for ner *1 '"7"''’''' *e extremities 

plete closure of the arterial hi ^ ^ 

svifh completely normal tumtim Hm*’*’ ’ thereafter maj be used 
atmosphere of nitrogen dies of rn l'”" “ Sumea pig dropped in an 
Human beings may^d^e or suffr/r^T «'> 

exposed to complete asphyxia for fi hemorrhage sshen 

most sensitive to oxygen tam an I "’‘7'“ ^he brain is the organ 
after exposure for several hnn ‘mpaired mental concentration begins 
feet In exact invesugatlon 7 '°°°<^ “O'! 

served at altitudes below lonnn*f^” visual function have been ob 
feet the effects on menTalltv ” " st , '"f" 

larger percentage of human i, 7"“' •“ alcohol intoxication In the 
with hilarity and increased talkativtss“l"®" 7" 
slowness of response and sleepiness * smaller group depression 

The organ which is the next 

to be the heart An increase m diiI<^ sensitive to oxygen want appears 
P rate is one of the earliest signs of 
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ascending to high altitudes, and in many instances the T wave of the 
electrocardiogram has been shown to be depressed at altitudes as low 
as 8,000 feet. In patients with coronary artery disease, the inhalation 
of low oxygen mixtures, corresponding to altitudes of 15,000 to 18,000 
feet, has been made use of as a test of a constricted coronary artery. 
In many instances characteristic anginal pain, with accompanying el^tr^ 
cardiographic changes such as depression of the ST segment an t e 
wave, are produced during a period of twenty minutes inha ation o 
these low oxygen atmospheres. This is obviously of importance ^ 
we consider the transport of patients by aeroplane at altitudes o 1 , 
feet, if there is not provision for the continuous inhalation o 

The pathological changes caused by severe oxygen-want affect pri- 
marily the blood vessels; these consist of dilation of the capillaries, wi 
increased permeability, hemorrhage, edema, and peri-vascu ar ^ 
tion. Both large and small hemorrhages have been o serve 
the ner^'e cells in the cortex of the brain, as well as t e corpu 
and the medulla, also. Hemorrhages have also been * 

muscle and the mitral valve, and in the lungs, kidneys an 

Compensating Pliyeiological Changes in Man at High Altiti 

The physiological changes which take place at high ^ 

upon whether the ascent has been made gradually, m „gfopfane 
to high mountains, or whether the ascent has been swi , 
travel. Consider the effect of continuous residence at an alt. tude su h a 
14.000 feet. On the day after ascent there is a decrease ^ood vojum 
’^hich is more marked on the second day. At t e same 
rise in the flow of blood through the heart. jj about 

increase in cardiac output two days after arnva . ’ in blood 

100 per cent. This is accompanied by a 20 per cen jnber of red 

volume, which gives the appearance of an mcrease i . 

blood cells. Although the number of red blood celUp--^ 
culating blood has been increased as a tem^rary 
more oxygen, there is not an actual mcrease m re ^ j-gnsequence of 
fifth day when stimulation to the bone mar ( j^les. The 

oxygen deficiency) results in an outpouring o . .gj amount of 
cardiac output, which is increased to a second 

oxygen per unit of circulating Mood, gradually ecr blood cells 

to the fifth day, when the increase in hemoglobin and 
has taken place. . . such as an 

The individual has also compensated in^ m the elimination 

elevated volume of breathing with a resultant increas 
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of carbon dioxide, a greater elimination of alkaline salts through the 
kidney, and perhaps also a redistribution of blood to those organs which 
are most oxygen sensitive 

The Oxygen Dissociation Curve 

Much of our understanding of the oxygen supply to the body tissues 
has been derived from knowledge concerning the oxygen dissociation 
cuwe of hemoglobin The hemoglobin in red corpuscles m arterial blood 
holj and releases oxygen m a speaal way, which is primarily dependent 
on the pressure of oxygen to which it is exposed 

hound '*■' “ *<= Mood IS 

bound to hemoglobin and one twentieth is found in physical solution 

IheTemoplt f™!? “=^8“ “turation of 

lower Zlen” * r P'' <=-P°»e<! to a 

I^gen pressure, the oxygen saturation of hemoglobin curves 
downward with especial swiftness below a pressure Tf 57mm 
There IS also an alteration of the amount of oxygen that is held bv 

brodtexposirlhlTr of ‘o which the 

saturation of 70 ner r I T that when blood has an oxygen 

partTpmLe ^ t ^ nim COa, the oi^|en 

at a saturation of 70 22 mm Hg If, however, blood 

pressure of o^gt™. 1T\ 
fireat importance in reearH iie<> ^ This is a fact of 

m the capillaries it is fxposed to T 

oxygen licre readily A^the b'^"' "''f' “P 

carbon dioxide is liberated the h “"£s, when the 

oxygen “ed the hemoglobin takes on relatively more 

.nc teaTe m lb: ^ *= 

increased volume of venlilaLn th *'ng As a consequence of the 
dioxide of the lungs As m“: a-o Pt=ssure of carbon 

lungs the blood becomes less acid ft h 7”'^' ? eliminated from the 
carbon dioxide described j shown that the effect of 

COa makes blood more -ts acid quality, addition of 

alkaline The effect of the wunation of CO3 renders it more 

that the hemoglobin holds onTT ““a>ly of the blood is, therefore, 
suffer from a decreased tension '"“'t bgbtly and the tissues 

saturation of the blood is at a relativ J®!"' uT" 
ments in which cardiac oatients 1. t "el Thus, in experi 

pH has been observed 7 “ft P« cent oxygen'tbe 
rise tfom 7 44 to 7 54, due to loss of CO2 
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This would mean that the tissues would be exposed to a pressure of 36 
mm. Hg of oxygen, instead of 40. A more alkaline condition of the body, 
alkalosis, produces a form of oxygen-want due to shifting of the oxygen 
dissociation curve to the left. The state of alkalosis has been shown to 
result in constriction of peripheral blood vessels, so that ischemia is also 
produced. In other experiments in patients with coronary artey disease 
the inhalation of small percentages of carbon dioxide, topther with 
per cent ox\’gen, has prevented the occurrence of angina pain, y p 
venting the loss of carbon dioxide. In summary, it may e sai 
excessive elimination of COa from the body does harm in ^ , 

ways, (a) by making the hemoglobin in the red ce mducintr 

thus gL up oxygen less readily in the tissues and (b) 
constriction of small arteries and arterioles and 
blood to the tissues. Alkalosis may. therefore, be a . 

of acute oxygen-want at high altitudes, and aggrava e i 

The Treatment of Oxygen-want at High Altitudes 

If an individual is exposed to a high 
10,000 to 14,000 feet, an illness called day oLesi- 

which is in most cases apt to disappear on t cardiac or pul- 

dence. It is only in severe reactions, or in The physio- 

monary disease, that inhalation of oxygen luyiate this illness, 

logical compensations discussed above gra u y conditions of 

Our primay „an,ely with acute oxygen 

anoxemia which occur in aeroplane asce , / jojinistration of 

deficient. The ideal °^^S'"’^vercome the anoxemia (o, 

oxygen in such percentage as Will compie y in 000 feet the 

lowered oxygenSension in the blood) depending 

arterial blood may be 90 to 92 per cent saturated pi,„t- 

Upon the volume of breathing. In ’ should inhale oxygen 

ing planes at altitudes of i,\ in this way their judgment 

from the start to the end of their flight accident is made 

is preserved to the peak of its efficiency an suffer from fatigue 

less. Furthermore, the pilot himsel is which appear to result 

and from the recurring effects of '^Armctronc "aeroneurosis.” 

in a special form of nervousness called by all altitudes 

The inhalation of 40% oxyg^ wi co rnain altitudes of 

which are apt to be met with in civi^ ’ gt the present time is 

10,000 to 20,000 feet. Of special flying in 

the provision of an adequate supply o appears to be the inhala- 

militar)’ expeditions. The most recent pra 
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tion of oxygen m very high concentration, notably 100 pet cent, espeaally 
for altitudes between 25,000 and 35,000 feet In exposure to altitudes 
up to 33,000 to 34,000 feet, the arterial blood is 95 per cent saturated 
with oxygen during the inhalation of pure oxygen As the altitude 
increases from 35 000 to 40,000 feet, the arterial oxygen saturation falls 
to approximately SO to 85 per cent This degree of oxygen deficiency 
IS comparable to that which a pdot might experience at 14,000 feet 
without oxygen Unquestionably, there are signs of impairment of ludg 
ment at 40 000 feet even when breathing 100 pet cent oxygen, but thefe 
are not sufficiently great as to mcapacitate him, and military objectives 
may be accomplished ’ ’ 

If P^ferable to have his judgment unimpaired, 

L niZ S R=*-'ch with this goal in 

nd in progress It does not appear that adding carbon dioxide to 

to vemTch"altt^V‘'”°AT!l^'' tidaptation of individuals 

ng rfttea ^taulates the breath 

prient alkaTot iscLm” hemoglobin, and also 

£ be bet « 2 ‘ the inhalation of 100 per cent oxygen appears 

studt rntdeitrur^Cm:' 

COe in a mask at sea letel this oetctm ^ per cent 

atmosphere to 10 I Percentage is increased at one fifth of an 

equivalent of 2 per cent carlxm d *0 administer the 

40 000 feet, he would have In at 

dioxide and 90 net cent nv approximately 10 per cent carbon 

chamber at the Aviation Rese'"^ " studies made m a low pressure 
seen no advantage fmm LiT -= h-e 

mind that the provision of ^t must be borne in 

responding loss in the am i- carbon dioxide means a cor 

90 per cent oxygen mstead 

It £::rof'r.e^,“tx: -ot ap^r^^irthir 

best method of treatag o3,"m‘’”‘' Pt““t time, the 

supply oxygen m a conceSo^ *“«'■ altitudes is to 

sestigations ate being carried out in th Physiological m 

normal oxygen tension to the tissues nf'if l"'P'' Possible a more 
especially to the oxygen sensitive organs' “nd other organs 

S,„!r"! «e....ance to Anoxia 

feet at which aTOxia^fcvitablT'al,™”'*!''^''' altitudes above 35,000 
> cs place with its consequent impair 
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ment of mental and bodily function, we have been intefested in the study 
of those factors which might increase resistance to oxygen-want or 
damage resistance to oxygen-want. 

A factor which decreases the resistance to anoxia was found to be 
excessive smoking. The smoke from cigarettes yields 1 per cent carbon 
monoxide by volume, from pipe tobacco 2 per cent, and from cigars 
about 6 per cent carbon monoxide. Thirty subjects were studied who 
inhaled the smoke of twenty cigarettes from the time of arising to about 
half-past three in the afternoon. Approximately half of the subjects 
tested had a carbon monoxide saturation of between five and ten per 
cent after smoking twenty cigarettes. The elTect of carbon monoxide in 
displacing oxy’gen from hemoglobin has long been known. At sea level 
this degree of carbon monoxide in the blood is probably not of much 
harm except in those individuals who are sensitive to CO poisoning, or 
in patients who have latent or overt disease of the cardiac or ssspisatoxy 
systems. It seems likely in some individuals that the headache of the 
"morning after" may be partly due to carbon monoxide poisoning. How- 
ever, in aviators who ate flying at altitudes between 10,000 and 12,000 
feet, without oxygen, or in those who are traveling above 35,000 feet 
even with the inhalation of 100 per cent oxygen, this degree of carbon 
monoxide poisoning will tend to aggravate the anoxia caused by high 
altitudes. 

The second factor which was studied was the effect of experimental 
thyroidectomy on rats. It was found that normal animals die at an 
altitude of 34,000 feet during a two hour exposure, whereas the animals 
who had had their thyroid removed were alive up to an altitude of 42,000 
feet. This is an experimental demonstration of the fact that a Jon'ered 
requirement of oxygen increases tolerance to high altitudes. It would 
seem likely that pilots whose basal metabolisni is 20 per cent above 
normal would withstand very high altitudes less well than those whose 
basal metabolism was 20 per cent below normal. Furthermore, measures 
may be found which will make possible a temporary lowering of the 
oxygen consumption and if this turned out to be the case, these measures 
would make possible an ascent to higher altitudes than those now 
feasible. In addition, individuals who are to be exposed to very high 
altitudes should avoid undue stimulation of their metabolism before 
ascent to high altitudes, such as that produced by ingestion of a heavy 
protein meal. 

Other investigations are in progress in the attempt to modify the 
physiology of man so that he may belter adapt himself to very high 
altitudes since this has become a mililaty necessity. In addition, im- 
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ascending to high altitudes At the present time there is no other 
method of preventing aero embolism and it may be that this procedure 
will become more frequently used than it has up to this time 

The fact that oxygen is utilized by the tissues and present in the 
blood as discussed in the section on the oxygen dissociation curve is 
responsible for the fact that aero embolism could not take place primarilv 
as result of an oxygen bubble Even during the inhalation of 100 per 
cent own the pressure of oxygen in the tissues themselves woL 
be only about 60 mm Hg The oxygen physically dissolved under these 
circumstances would be 2 cc per 100 cc of blood and after it was 

pure nitrogen bubble will have vapor since the 

other gases ““"‘O'^oting partial pressnre of the 

the symptoms of bends'°fL^l ''^“''on Research Laboratory 
who have been exposed to place m four of five people 

per cent oxygen was breathed for T oven though 100 

before exposure to the low pressure''°It',s'’^ 

posure to inhalation of 100 ^per cent w . *at a longer ex 
embolism less frequent In peril of aero 

sible to descend to the atmosnh«>rT '"'’“tigations it is always pos 
the symptoms ^ ^ pressure and thus immediately stop 

Tlrmll”"'"*'''"'" ■" 

•tne middle ear and the f 

nect with the nose or the barl/^rsf maxillary sinuses con 

ordinarily able to receive an mterchan! passages which are 

difficulty However if these nr,* pressure without great 

mucous membrane such as mmht Z! by a swelling of the 
an increased pressure within thl there may be 

plane Under these circuLm„ces " 

(for example m the middle ear’i increased pressure 

eustachian tube Some discomfort ,c ^ through the 

not as severe as that which talf#»< «i ®*^*'^^nced but the condition is 
takes place when an individual comes down 
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from a high altitude to sea level. Under these circumstances, the air 
within the middle ear is under a decreased pressure and if the pharynx 
is acutely inflamed, an infolding of the mouth of the eustachian tube 
takes place with obstruction to the entrance of air. As a consequence, 
the pressure on the inside of the drum becomes relatively less, in com- 
parison to the pressure on the outside of the middle ear. In that event, 
pain and hemorrhage may take place and if the ear drum is forced m 
with a marked amount of pressure, rupture of the drum is produced 
In most cases the eustachian tube can be opened by repeated swallow- 
ings and yawnings, or, if necessarj', by holding the nose tightly and 
compressing the cheeks with a closed mouth. Under certain circum- 
stances if an equalization of pressure has not taken place and pam 
results, the individual may reascend to the high altitude where the pain 
first occurred and the pain will disappear. A slow descent may then 
result in a gradual equalization of pressure on tw’o sides of the drum. 
In many cases, inhalation of helium-oxygen mixtures during descent, or 
afterward, causes relief of pain in the middle ear since the smaller 
helium molecule may diffuse through the eustachian tube more easily 
than a molecule of nitrogen. The effect of pressure variations in them- 
selves, such as from one-fifth of an atmosphere to 15 atmospheres, is 
probably negligible, provided that equalization of pressure takes place 
gradually in the air spaces of the ear and the sinuses, or any other region 
containing air. 

Effect Due to Centrifugal Force 

The effects of centrifugal force are produced by a change in the 
direction of motion, either upward or downward or to one side. It is 
believed that if man is adequately protected against the pressure of 
wind, he can withstand any velocity, provided that the aeroplane is 
traveling at a sufficiently constant rate and that the direction is not 
changed. We are moving all the time at a velocity of 12.4 miles per 
second with the earth around the sun without being aware of it, 
obviously because our surroundings are moving with us. 

Acceleration may be defined as a change of velocity. When this 
change introduces stress, as in a linear or centrifugal change, a dis- 
turbance of a characteristic nature may be produced. Since in Newton's 
law "F equals MA” then "A equals F divided by M.” In other words, 
linear acceleration is proportional to force and inversely proportional 
to mass. Since weight constitutes a measure of the force of gravity and 
varies with the mass of the body, it has become convenient to view the 
force of gravity as a unit of measure for acceleration, which has been 
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tTe‘‘aKODkn’’"’‘’°‘ Accelerations which produce forces upward 
on fte airoplane, perpendicular to its line of flight, have been called 

positive accelerations and those directed downward are called neea 
ne accelerations The most important effect of acceleraton Ts re 
tarding the return of blood to the heart Th. 

s,mptoms of pcsinve to anoxia The 

G 5 Thus, at five G s the hod u*'"' in terms of 

except for slight movements of thi " j control of the muscles 
at SIX to eight Gs aXLo * Coma takes place 

G s , or an acceleration of 640 at twenty 

a second The most important farto ^ of 

static pressure on the decreased fii? “'Tc" '*'1 of hydro 

b) * rajs of monkey hStsTha, ex2 ^'en shown 

in an almost complete absence of ^ ® 

of filling of the heart The patholoev“'f f“'*“"= 

interest since some believe thafih. ‘ “"''“'‘O" of considerable 
the finer cerebral blood vesst 'osion is fat embolism of 

ascribed to anoxia of the cerebral h« ""'‘t'onsness would then be 
administering oxygen The treatment Tie'll “'f'f'f'ooal reason for 
accelerations is largely to attLw m ‘'“gerous effect of undue 

«nssersc axis ofihe bod, a7 LlstT^J f " ^^«>-ations in the 
to place the pilot ,n a position J, ' f >f 't were practical 

maximum force this wo^ld be arar, i"" "f “itcrafes 

since the principle damaging ene^3 7"'Y' P°^t‘tve acceleration 
sod a loss of blood supply fo .h7bm ! “ ‘'™P ■" Wt»d pressure 

this pressure would tend to oTOcomTih^’^^"® "™'‘' '"crease 
dnminal rnuscles has been reported^ l!.' '! the ab 

mechanically increasing the in^a ah I ^ addition 

used and seems valuable It „ sa,j P''"""'" hp a belt has been 

of an individual for po,,,,,, ^ by means of a belt the tolerance 

thtcc 'Gs Tlie bes! effect ./ 2 lZlT 'wo or 

pressure of about 75 mm Hg "" '' '"ds''d to a 

the expected acceleration ’ before the exposure to 
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Prhici^les of Atiaiioo Medicine 
Swttxnxary 

Since engineers liavc made flying possible at altitudes above 50,000 
feet and at speeds over 400 mites an hour, the pliysiology of man has 
been challenged in several important respects \Vc have reviewed the 
following physiological factors: 

1. Oxygen-want. The existence of impairment in mental function- 
ing at altitudes of 10,000 to 12,000 feet or over, is an indication for the 
continuous use of inhalation of -10 per cent oxygen at these altitudes 
From 25,000 to 35,000 feet inhalation of 100 per cent oxygen is advis- 
able in civil as well as military aviation. Above 35,000 feet anoxemia 
persists even during the inhalation of 100 per cent oxygen, and above 
•10,000 feet dangerous disturbances in cerebral function may occur. 
Oxygen pressure suits have been impractical up to the present time for 
combat flying because of the degree of immobilization which they pro- 
duce. TIic pressure cabin may be the ultimate answer for flying at verj’ 
lijgh altitudes, but at the present time there are few in use. They suffer 
from the obvious datigcr that tlic slightest leak at altitudes of 40,000 
feet or over would cause almost immediate unconsciousness due to 
anoxia, as well as the probable development of aero-embojism. 

2. Air embolism may occur when the pressure is reduced more than 
one-half that of the atmosphere. In actual experience signs of aero- 
embolism have taken place at barometric pressures equivalent to alti- 
tudes of 25,000 to 35,000 feet, and more commonly 

especially if the exposure to the lowered atmospheric pressure is pro- 
longed. Tlie most common symptoms are pain in the joints, especially 
the knee joint, and itching sensations in the skin. More dangerous 
symptoms are due to emboli to the lungs, with chest pain and pulmonary 
edema, oc emboU to the spinal cotd, with, paralysis of the extremities. 
The symptoms are generally relieved when the pressure is increased to 
that of the atmosphere or to that equivalent to an altitude of 18,000 
feet. The best prophylactic treatment is the inhalation of 100 per cent 
oxygen for a period of two hours. Nitrogen desaturation is more quickly 
obtained when exercise accompanies the inhalation of pure oxygen. 

3. A difference in pressure in the nasal sinuses and the outside 
atmosphere, or in the middle ear and the external atmosphere, may 
result in pain of the affected parts. During a swift ascent the air in the 
eustachian tube is generally able to pass out of the orifice because of 
the increased pressure. However, in the presence of swelling of the 
mucous membrane, such as may occur in an acute cold, descent of the 
aeroplane rapidly causes a valve-like obstruction of the eustachian tube 
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J °" “''= of *0 ear- 

drum and a decreased pressure within the enstachian tube Inadequate 
pressure neutralization during descent may cause pain hemorrhanl or 
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lead to untoward results increased pressure and 
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metric pressures; the majority of thyroidectomized animals survive at 
altitudes 8,000 feet higher than normal animals. There is an urgent 
need for studies which will reveal the mechanism of man’s resistance to 
high altitudes and how it may be aided by physiological as well as 
mechanical means. 

The swiftness with which high altitude flying has become a fact 
has confronted the physiologist and the physician with many new prob- 
lems that need further investigation. 
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PHYSIOLOGY AND HIGH ALTITUDE FLYING: WITH 
PARTICULAR REFERENCE TO AIR EMBOLISM 
AND THE EFFECTS OF ACCELERATION 

By JOHN P. PULTON 

Sterling Professor of Physiology, Yale University School of Medicine 

I. Introduction 

”Ye who listen with credulity to the whispers of fancy, and pursue 
with eagerness the phantoms of hope; who expect that age will perform 
the promises of youth, and that the deficiencies of the present day will 
be supplied by the morrow; attend to the history of Rasselas, prince by 
Abissinia. 

"Rasselas was the fourth son of the mighty emperour, in whose 
dominions the Father of waters begins his course; whose bounty pours 
down the streams of plenty, and scatters over half the world the han’ests 
of Egypt. 

"According to the custom which has descended from age to age 
among the monarchs of the torrid zone, Rasselas was confined in a 
private palace, with the other sons and daughters of Abissinian royalty, 
till the order of succession should call him to the throne." 

And the account goes on to say that the palace of Rasselas was in 
a spacious Abyssinian valley into which came artists and men of science 
to advance the culture of its happy Utopian population. It so happened 
one year that a famous artist and engineer came to the valley to settle 
and the young prince made frequent visits to his house. One day the 
engineer told Rasselas: 

"I have been long of opinion, that, instead of the tardy conveyance 
of ships and chariots, man might use the swifter migration of wings; 
that the fields of air are open to knowledge, and that only ignorance 
and idleness need crawl upon the ground (1, p. 35). ... He that can 
swim needs not despair to fly; to swim is to fly in a grosser fluid, and 
to fly is to swim in a subtler. We are only to proportion our power of 
resistance to the different density of the matter through which we are 
to pass. You will be necessarily up borne by the air, if you can renew 
any impulse upon it, faster than the air can recede from the pressure 
(I, p. 56) 

"The labour of rising from the ground,” said the artist, "will be 
great, as we see it in the heavier domestick fowls; but, as we mount 
higher, the earth’s attraction, and the body’s gravity, will be gradually 
diminished, till we shall arrive at a region where the man will float in 
the air without any tendency to fall: no care will then be necessary, 
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but to move foiwurds, which the gentlest impulse will effccf ( 1. p. 


37-38). 


OH). \ f 
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retreat of princes, the abode of hanr,™ Valle)-, the 

violated by the sudden descent of Abissinia_"might be 
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And so Rasselas promised secrecy*' Tk ■ 

™gs were tried, but, like Icarus “"rf *e 
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engmeer from a watery grave ’'‘■“o'aa rescued his 

Thus did Samuel ToTme 
medMne and their relation to‘"warfare''t'* 
physrologrst by temperament, his frienj vaa something of a 

the engrneer was also a realist for h - ™ mventlve engineer, but 
for the moment be told to the worid “““ "“f 

the good." It leopardr'ze the "security of 

If the history of aviation were to k- • 
to appreciate Dr. ;ohnson-s astonishino™"" ffnickly 

wvrdly the developments of modem in characterizing so 

nautreal engineer has placed primali^ The modern aero- 

h T emphasrs upon design, upon the 
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Physiology and High Altitude Flying 
attainment of speed and quick manoeuverability; in some modern combat 
planes virtually everything has been sacrificed to gain these two objectives 
— everything sacrificed including the pilot. It is no secret, for example, 
that until very recently some of the new bombers designed to fly 35,000 
feet were so cold inside at that altitude as to make it quite impossible 
for a crew to function effectively for more than a few minutes. 

The second development in modem combat flying has arisen from 
recognition of the need for protecting the pilot, and at long last avia- 
tion engineers are getting together with flight surgeons — and even with 
physiologists — recognizing that the physical limitations of the pilot are 
quite as important as the physical characteristics of the machine, and 
that both must be considered in designing and operating combat air- 
craft. I propose to deal with three phases of the problem, all essentially 
physiological, affecting pilot performance at high altitudes, (i) tempera- 
ture, (ii) aero-embolism and (ni) effects of high acceleration. 

II- Temperature 


Under standard atmospheric conditions the temperature at 38,000 
feet is 55" below zero Fahrenheit; above that stratospheric level the 
temperature falls but little. The pilot, or the gunner in the open turret, 
exposed to such a temperature for 8 hours with a wind velocity of 20 
m.p.h. is worthless as a gunner; occasionally indeed he has turned out 

to be a cake of ice. , , t , • a 

There have been many studies in war and in peace time of the influ- 
ence of cold on human performance. In a word, exposure to intense 
cold for a sufficient duration to cause perceptible lowering of the rertal 
temperature makes motor performance slow and inaccurate, and cerebrj 
activity, as indicated by the ability to solve simple problems or to follow 
simple directions by radio, is gravely impaired. As with nearfy “ 
problems involving stress, some individuals are much more affected 

Signing engineers have given us planes Uiat will fly to 35,000 
and even 4^000 feet, but at first they largely forgot the P 
crew believing that inconveniences from extremes of temperature could 
L Taken are ff by clothes from Quartermaster Corps. -^e-mo o^ 
fighter planes, there is little trouble from cold, even high a itud 

ranges, since the pilot sits behind the engine and ‘hf “ckph^^ 
direct warmth from it; but in all larger '"-"TTh bav h 
planes, TeWngSen^ especially in the 
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been put in the top instead of the bottom of the fusilane Enormoul 
quantities of heat are available from the exhaust of the long r”l 
bombers and with little alteration m basic design the exhaust con “be 
notion" rt “ ‘'’‘= Pl”e including the Ztr s 

ttirwatf 

ture would be 25“ below zero ^ outside tempera 

Tt t-peratures 

designs of other types of clolh “ «r ™“5' 

for an oxygen masktndLt^^^^ Most acute however is the need 

up during prolonged exposut^to"ln'"' t "°f f'^oeze 

Navy have recently released for m 'c omperatures The Army and 

supply systems in which they insist“hartheT 
supply valves must not freeze un m t °MgEn mask and accessory 
Centigrade in the face of a wind^v l e™' '"'* f'rapssature-^0“ 
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high altitude If very head cloZn ooooection with cold and 

work in moving about anddience re^ r*® “oro 

supply clogs or freezes at 35 000 °'^Sen If the oxygen 

moving heavy bombs he fallfnl "PTrcially that of a crew member 
and the duties of other crew medb ” *o“nds or less 

as to prevent their giving promddtd «®erally of such a nature 
bow the problem of dldrSeTi'ri ' ^on not describe in detail 
say this that the flight surge™ "fd„ , " 0 “' ” but one can 

expedients-all of them I hope JeJl " ""P'of "'aoy awkward 

have solved their phase of L engineers 

well as ventilation and also vdlcW fn 1 !* “ 
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Some of the faster interceptor planes o, 
prising rate of a mile a minute this I ®“'" “'“'“‘f'r at the sur 

“fis them if that rate of ascent 
360 



Physiology and High Altitude Flymg 
is maintained, from sea level to 35,000 feet in roughly 7 minutes. Actu- 
ally, the rate of ascent is inevitably slower m the rarefied air, but it is 
stated in the newspapers that some of our new fighters have attained 
altitudes of 36,000 and 37,000 feet within 10 minutes of the time they 
took off. The pressure of air at 34,000 feet is a quarter of that at sea- 
level atmosphere — 190 mm Hg instead of 760 mm. An aviator arising 
to 34,000 feet thus subjects himself to the same relative decompression 
as that experienced by a diver ascending from 100 feet of water — ^which 
is equivalent to 4 atmospheres — to the surface level. If a diver ascends 
too rapidly, nitrogen bubbles tend to form in the tissues and blood stream, 
and in the same w’ay aviators who subject themselves to rapid decom- 
pression are likely to experience the symptoms of bubble formation in 
their tissues. To divers and to caisson workers, the painful syndrome 
has long been known as "bends" because the excruciating character of 
the pains causes those affected to "double up. 

The tendency of bubbles to form in the blood under conditions ot 
decompression was first observed by Robert Boyle in the course of those 
celebrated experiments in which he weighed the air, determined the 
reciprocal relationship between volume and pressure, and compared 
combustion with respiration (1662). Boyle observed that when freshly 
drawn blood was placed in a decompression chamber bubbles were 
evolved on the surface of the blood as air was being sucked out of the 
chamber. He asked himself whether these bubbles did not 
the fraction of the air normally taken up when blood passes through th 
lungs. If this were true, he argued, bubbles shou d appear rn the blood 
vessels of animals subjected to rapid decompression Although Boyle s 
premise was not wholly correct he was led / 

Lke one of the most important observations rn 
subject. Small bubbles do, in fact, appear m the ° 

animals subjected to decompression and this ^Se^ 

in a short note in the P/ritomfW Transamorn for September 12, 
1670.2 

"Note, that the two foregoing Experiments 
cast upon the inquiry, that I thought rnight e ma , Animal, 

far the destructive operation of out Engin ijon 
might be imputed to Ais, that upon the withdrawing f 

the® removal of what the Airs presen^ T A “ „ the fflourju vces. 
Bubbles generated upon the ° jnd their con- 

and soft parts of the Body, may by -.Ures and stretch in 

spiring distention, variously streighten in some places, and stretcn 

361 



IKtff Aledscwe 

others, the Vessels, especiallj the smaUer ones that convey the Bloud 
and Nourishment, and so b) choaking up some passages, and vitiating 
the figures of others, disturbe or hinder the due arculation of the Bloud’ 
Not to mention the pains that sudi distensions ma} cause in some Nerves, 
and membranous parts, \\hich b) irritating some of them into Con 
vulsions may hasten the death of Animais, and destroy them sooner 
bj occasion of that irritation than they would be destroyed by tlie bare 
absence or loss of what the Air is necessary to supply them with, and 
to shew how this production of Bubbles readies even to very minute 
parts of the Body, 1 shall add on this occasion (hoping that I ha\e not 
pce\cntcd my self on any other) what may seem somewhat strange, 
what I once obserxed m a Vtper, furiously tortured in out Exhausted 
Rcccner namely that it had manifestly a conspicuous Bubble moving to 
and fro in the watcrish humour of one of its Eyes [p 2044] 
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Commander Behnke severe "bends” developed between 25,000 and 
28,000 feet without preoxygenation. With 43 minutes preoxygenation 
"bends” did not develop until 30,000 feet; with 90 minutes preoxygena- 
tion the ceiling was raised to 34,000 feet; with 3 hours to 37,000 feet 
and after 5 hours preoxygenation the "bends”-susceptible subject with- 
stood 40,000 feet for 2 full hours without experiencing symptoms. 



Fig. 1. 


(i) Helium. Oxygen for prolonged administration is hazardous 
because of its toxicity. Nitrogen can be removed as effectively from the 
body of a helium-oxygen mixture as with pure oxygen. Since helium 
is only one third as soluble in fat as in nitrogen, the quantity of gas 
available for bubble formation, especially in the bone marrow, which 
comprises as much as 90 per cent, fat, is greatly reduced. If a human 
being were saturated with helium, instead of nitrogen, require 

only 90 minutes of oxygen inhalation to eliminate dissolved helium in 
contrast to the 5-hour period for nitrogen elimination Commande 
Behnke believes it would be practicable to have bomber pilots “ ^“y 
room filled with an atmosphere of oxygen and helium prior to flight. 
So far, however, this proposal has not had service trial 

PrLleCiou for high altitude service. The susceptibility to bends 
varies enormously in different individuals, and little is 
the basis for the differing susceptibilities. The punge g g P 
less susceptible than the older, and any one having 
is prone to develop "bends- at the site of injury. Pilot m 
group of 18 to 24 can often withstand ptolonge Behnke and 

ts high as 40,000 feet without developing the symptoms^ Behnke jn^ 

others have recently stressed “ngle out for the high 

on the basis of decompression chamber t b ^ 

altitude squadrons th^se pilots -ho - smnd, 

4 hours without developing untow’ard symp probable 

of the young adult population fall ll pilots 

that with training the percentage will be ^ ^h^mber tests as fit for 
are selected through preliminary decompression chamber 
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high dtitude operations, bends ceases to be a serious military problem 

othet ve'nTT Commander Betake and 
as tak’.n J ^ unsusceptible to bends," such 

in the limited amount of exercise possible in the cockpit of a p L e 
are also recommended for observance ° ^ ’ 

butt'ierthere'istl susceptibll.t), 

for a fl^l fhlrof ^p""® ““P' 

IV- EflTecU of Acceleration 
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directl) as the square of fh i acceleration which sanes 
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of 7 times the force of gravin’ (i O'ntnfugal acceleration 

normally would have a weiehl so ll "''Shmg ISO pounds 
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« heavy as molten C I' ^ becomes 

hydrostatic column of blood ,s Z “"'eeation the weight of the 
the arterial side and venous blood iST! h’ 

regions of the body below the card returned to the heart from 

a^pooling of blood in ,ta aWo^ ' uT' »"■“ ‘here tends to be 
of the cerebral circulation Hie eff '‘‘^‘““■es and failure 

retina of the eye manifests itself <f™inished circulation to the 

failure of visicn-giving the nhenn"®™’’'"!' “ “'“mate 

goes consciousness is l.feU tal T”? ’ When vision 

There is a time facto' m a I ’’ 
as the absolute magnitude of lhe"cSrtlr “P^f^f physiologically 
)oung adult can withstand sitlLT ? “"'‘f The 

seconds He . “S m the 


O — ,.a„ Witnstand sitlinv .c — ene average 

seconds He might also stand 7®, f “P«ght position 5 g for 4 5 
can withstand 7 g for 7 seconds “""al adult 

This means that neurons of the bra ^ ^f’^plete loss of consciousness 
their supply of oxygen that when ^ ‘ntimately dependent upon 

the blood away from the head m ** Withdrawn by centrifugalizmg 
^«onds ronsciousness lapses, usually within 5 


The capacity to withstand accelerahr.„ 

cceierahon varies in different individuals. 
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and in the same individual at different times. Test pilots have found 
that an alcoholic spree of an evening considerably diminishes their 
tolerance for positive acceleration the next day. Relative anoxia, such 
as may occur in high altitudes when the oxygen supply is madequate, 
likewise diminishes resistance to acceleration, and it is likely that the 
level of the blood sugar is similarly important. In recent German litera- 
ture various expedients have been recommended to assist the pilot to 
withstand positive acceleration. These may be enumerated briefly. 


1. Full stomach. In the recently published diary, I was a Nazi 
Flier,” there is a diverting chapter on aviation medical research in 
Germany in which it is stated that all resistance on the part of pilots 
to being experimented upon was overcome when it became known that 
the "doctors” had recommended that the pilots of Stuka dive bombers 
should have a large beefsteak before going off on a mission! From 
other sources {e.g., Ruff and Strughold. 1939. 4) it is dear that the 
German flight surgeons insist that an empty stomach diminishes tolerance 
to high acceleration. When the stomach is full the visceral blood vessels 
are also distended so that more blood can not readily enter them--so 
runs the German explanation. Blood chemistry, no doubt, also plays 
a part in determining resistance to g. 


2. Carbon dioxide. Use of 5 or 6 per cent, carbon dioxide, which 
through increasing the cerebral circulation is wid bp t e 
increase resistance to acceleration by 1 to 2 g.' Th.s is doubted by other 


authorities. 


, 3. Vasoconstrictor drugs. Any pharmaceutical agent which “li- 
the "tone” of the capillary wall improves one s g cei mg. > 

adrenalin and adrenal cortical hormones have all been mentioned m 
connection, but precise data concerning these are not aval a 

4. Pneamatic belts. Mechanical constriction of 

as of the lower extremities has also been ° (q 

and English literature to minimize the rash of blood ^ . 

the visceral bed and the lower extremities. Of these 
pneumatic belts and pneumatic trousers have been mo tolerance by 
The Germans stale that a pneumatic belt may 

1 to 1,5, but no one of the present jectiveness of this 

publication of detailed reports concerning t 

equipment. 

5. Water suits. The Germans have also reported on a 
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designed for the prevention of blacking out, and while they claim ,t 
notably improves resistance to positive acceleration they state that it is 
umatisfpry for other reasons To quote Grow and Lmstrong» (pp 

next tf.h?fkm'’‘mM“,:f' which is worn 

the probkm'of postureTrela^™ 

Germans it appears favor a Z I "’“S discussed The 

legs agamst the abdomen posture with flexion of the 

pilot against acceleration Th'Is protection of the 

blood in the leg veins nearer to thetort 'iTvel'’' A™'?' 
or prone at the end of a dive bomh.n<» m! 

to negative accelerations but m rK ^ ™*''o«uvre, he is also less subject 
to manoeuvre his plane without unable to see out or 

the cockpit controls ‘■^designing of the cockpit and 

It should be noted that all i, j 

resistance to positive acceleration or ” *° “mprove the bodys 

■n the head From this it mL be ^ 1 “ j 7'”'* 
blacking out and loss of conscimisn < u“ Phenomenon of 

of the beginning of the accelcrau **”'*' '"‘*m 5 seconds 

anoxia and can not be attributed to “'elf ‘o acute 

/>cr re upon the cortical neurons acceleration 

Conclasion 

Many other phases of a 

since there are certain tonics be discussed but 

present time — having m mind Ita« ^“*^7 2 t the 

however, that I havf bee” able to u “ good I hope 

developments as well as the inten<M ^orue of the more important 
Jems encountered ^ rasanatmg character of the prob 

I believe that the successful solnr r 
medicine will determine in larin. several problems in aviation 

^ tlie outcome of the present 
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By A1.DFHT S 111 MAN. M I) , F A c F 
e., „c, r*,„l .Va™: 

D„lncl Card, IVrl C„y al 

CImical medical pracce has alssa)s cscmuall) gained much from 
Ihc hard sson experiences of mihtai> medicine In Ihe first ssorld ssar, 
Foblems associated ssith nctirocir 

I?earran rhr"l' ""'i “ '> ‘'"''"1^*' ™"«P‘ 

^d annlr ? t'"' understood 

ind appreciated m gcncr.il practice 

n.iliUr;''Lareer„"r "" -^''^cd 

bet ?| mat.) presioiisl) held concepts have, as a result 

tedicitTaf sL nf -lation 

light of ett im ant 

As ianot c t o oetl r '? "f '"'J'”' «■'"« 

-s largcircoteted®tt a"s, "" f"™" 

hostile environment sshile the h “f » 
pathological problems her h “"^‘^"ds s\ ith infectious and other 
Latiof cardtS ct be dle't ''T 

iystem under an altered envimn * 'f cardiovascular 

ptessure, teniperature setaratd 't': '!'’ It factors of barometric 
dominant roles In clinical r?/l of acceleration all pla) 

metric pressure™ at setletertr 'r“' 
mm, a. 10,000 '»2 mm, at .8 

000 282 mm, at 33,000 196 or 1/ atmosphere, at 25,- 

is important not only because of th^ Atmospheric pressure 

take place m soft vieldmp P ) steal pressure plienomena which 

the available oxy2 tcl 7'' because of 

At sea leveuL"h™“"ni“'“'> f?"™ 
air IS about 20% with a partial i,r„. T™ ' '' °f *e 

At 18,000 feel or I/T atmosnl,^ “sure of 159 mm Hg This is normal 
one half or 79 mm "in leri^l of be reduced 

drop to about 10% However a ^ oxygen this would mean a 
of the alveolar air in the lunes’ redTr^k”" "’'>'1'“''^ 

Thus when the partial pressure of available oxygen still more 

1/3 the alveolar, partial pressure is red 

p essure es reduced to y^, at 50,000 feel with 
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an atmospheric pressure of 86 there would be no partial pressure of 
oxygen in the lungs at all. 

This brings us now to the problems of insufficient oxygen for normal 
metabolic requirements. Anoxemia is a term used to describe the lack 
of sufficient oxy’gen in the blood stream and is a well recognized symptom 
in clinical cardiology. Anoxia is a condition m which there is an oxygen 
deficiency in the body tissues and is rarely seen in clinical cardiology. 
Anoxemia can be produced very quickly; it also can be removed very 
rapidly by increasing the available oxygen supply. Anoxia is a chronic 
state of tissue oxygen want and may not be removed even if more 
oxygen is made available for respiration. Exposure to lowered barometric 
pressure over a period of time may thus cause tissue changes which are 
not reversible; this is true particularly of the brain as well as the heart. 

The problems of gas exchange are primarily functions of the cardio- 
vascular system and the lungs; when there is oxygen want, the heart 
either has to speed up its volume output or arterial pressure must e 
increased to compensate for the drop in partial oxygen pressure. In 
either case, the heart is forced to work harder and will be under increased 
strain. But the heart itself is especially sensitive to oxygen want: and 
unless there is an adequate coronary flow physiological compensa ion 
will not take place and congestive failure rapidly develops. n « 
ordinary circumstances a given heart may be able to handle any circu a ry 
demands made upon it, but with reduced oxygen availability it may 
completely fail. This was one of the first lessons learne rom 
cardiolog)’; from it was developed the anoxemia test or myocar 
and early forms of coronary disease in clinical cardiology. 

Another factor of a lowered barometric pressure is , 

the law of variable pressure constants; translated into ° . 

medicine it means that the pressure on two sides of “ , 

membrane must be equalized or the structures wi better 

the area of the higher pressure to that of the lower. is 
seen than in the gastro-intestinal tract; assuming in es 
level to be at 760 mm and equal to the outside air. 
outside air would not be that inside the intestine an 
be developed, sometimes to a painful degree. Change p 
noted in fhe middle ear and aviation otology is a rapidly expanding 
new specialty concerned with this problem. a fluid. 

The heart and blood vessels are a closed sys normally 

‘he blood. With an outside pressure “f He, With a 
maintains an intravascular pressure of about r-n^since both 

■Jecreasing barometric pressure, arterial pressure will fall 
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the heart and the vessels will expand Either the volume of the cir 
culating medium must be increased or the systolic blood pressure must 
rise in order to compensate for this differential pressure change Here 
again only a thoroughly compensated cardiovascular system with a 
maximal reserve power can adjust itself to the barometric changes en 
countered in military aviation ® 

environmental changes is that of tempera 
ture and particularly loss temperatures At 75" F a pilot s basal metabolic 
requirements may be plus 8%, at 32" it will rife to plus 14% At 

colnlicat th u, Thus low temperatures 

c3rthal n '^®u'’ r ”■ *■“ ‘be P'lot need much more 

Sse of deaea^!i‘'' """ be le*^ oxygen available to him 

aUo enhlfrbv re T'f ^e air Loss of body heat is 

taster the flow ff ftetn ofertllf ‘be 

heat Thus the o.iiil be body surface the greater the loss of 

about 40" but the air flow^rin"'' """a be very low, say 

more miles per hour The effect “'bP'‘ P‘ene may be 200 or 

oxygen rates when both t ' b® ^ S^eat rise in basal metabolic 

thTbasal faJe m' b^!“T 'f-Pe^'ores and air flow occur together 
increased oxygen demand this'* ^bb'’e normal In terms of 

Finallv a word r ? c ’’ “ barardous problem 

of acceleration upon the velocity and change 

research problem Va„!t, on "^bis is still the great 

investigations have been carried 'out®'’ '’’"qbange and temperature 
during the past 22 years sinr^ tu i detail m every country 

questions of vita! concern not o ast world war They are largely 
commercial aviation interests th ^ military services but also to 
>n the laboratory Artificial aif j P^o^Iems which can be studied 
m all universities and research Insrr. abundance 

logical questions of oxycen and . "early all of the physio 

'Without e\en leavmc the nmi reactions can be answered 

have, up fill now, been studied" j ' “‘“'"'‘“‘on changes 

hence more dramatic nctual flying conditions and are 

The Leynote of modern milifa™ . 

secret to saj that large bombers can^ mt'on is speed it is no military 

planes are worthlesf unless rhr" ." boiir Fighter 

maintain speeds as high as 550 Ti, ""“b' 5’“ ">■'«. s°me reach and 

aontal flymg and ordinarily man.f2'lVfdf," f'"' b”" 

no additional physiological prob 
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lems to the cardiovascular system in addition to those previously described 
as the result of altitude. 

With the advent of dive bombing, however, strange and hitherto un- 
known factors and forces come into play and an entirely new nomencla- 
ture has been developed. "Black outs,” "air bends,” “redding out,’ 
"head lightning” and "dead legs” are but a few of the more popular 
terras coined by pilots to describe certain acceleration syndromes. Over 
all of these new words hangs the mystic and terrible letter, capital G. 

What is this G which has earned the respect and fear of every high 
speed pilot? It is merely an old formula with a new meaning; it is 
taken from Newton’s law of universal gravitation 

M>M2 

F = G 

d2 

In linear acceleration the formula becomes 


F 

^ . . 

In curved flight, acceleration depends on rate of change of direction 
and the velocity and can be expressed 
MVS 

Force under these conditions is a unit of measure and 
and contains the forces of centrifugal pull as well as t ® . 

simple gravity. In other words G is the number of times t 
fugal pull out multiplies a body’s weight. Thus if P' ° ^ 

150 pounds a pull out of 3 G will force him down m his seat 
pressure of 450 pounds. . , _ i j^n^nward 

Upward acceleration of the plane causes positive an 
“uses negative G; it must be remembered that the forces P 
H are directly opposite to the forces of the plane “ P‘“ /f, J 
"P in the direction of feet to head, the mertia rn the body acts from 
head to feet ii at 

Translated into terms of power diving, for ^ pound 

>75 miles per hour after 10 seconds [^ppens to the 

pilot thus weighs 1,380 pounds at "'i'' ""j " 5 och teSc stress? 

Wous tissues and structures of the “ alTccted; soft sup- 

There are four general types of structures n i cavities, 

potting tissues, bony tissues, otgans supported within t ie f 

the body fluids It can be readily ^y ^'torn off or 

‘«oes due to their inertias tend to lag behind and ma) be 

371 



IF ar Medicine 

severely damaged Organs may be displaced upward or downward at 
great pressure, the abdominal viscera may, for example, crowd the dia 
phr^m and thorax and thus embarrass respiration and heart action 
Of the fluid systems like the cerebro spinal and circulatory, hydro 
static factors immediately occur Smce most of the large blood vessels 
run longitudinally in the body direct hydrostatic action will pull the 
blood into the lover part of the body and abdomen at the expense 
the head and vill also hmder the venous return to the heart Both 

ore, ?' ? “““ “ and sensory 

org ns particu arly vision which is sensitive to anoxemia A negative 

cerebral v^sc I Phenomena with a rfse in 

cerebral vascul r pressure augmented now by an increased cardiac output 

simple Plus T h 1 G First is a 

-gLlLf:;tghr"AtV+GT 

acainst the sen of lU ^i ^ + G there is an awareness of pressure 

which feel much larger aTs md d +'0“,^” 

It becomes diffio.lr 7 d + G these symptoms increase and 

Sct, roTuntanh tL skeletal muscle 

'crticil dimension the trunk 'and l'° 

down At 5 + G the hll u ^ '“PPOttad tend to bend 

une IS physically helpless ThereT"'^h^' "’f muscles and 
thorax from traction^ on the «scera sensation in the 

face and there i$ either r.->« i blood leaves the head and 

breathing becomes diflicuk e!)ln'w.To* "l! ‘‘™* 

crois^ded by the abdominal viscera ^ ” 

with complete unconscmnsnl* mcreasing symptoms of cerebral anemia 
called head Iightnine which “ tn'mory of blinding flashes 

acceleration is decreased Th pvrstst for long periods after the 

pressure usually drops At s 

to fall as Io\\ as 20 mm Armstrong showed systolic pressure 

from after a short l^riS'o'fnorm'l ^ are ordinarily recovered 

fusion headaches lertieo and c ^ “'"onment, although mental con 
ccpiihle indniduals This sisnl “'’‘“'bances may persist in sus 
negalise G forces in which contrast with the effects of 

the IxKl) upwards into the thorax anl'^h'" P"'" 

would he the cc]uisalent of the bndi h*'^” “ * ncgatiic G which 

crate upward displacement of rhe h,l *'"? '''cre is mod 

P cement of the abdominal and thoracic organs with 
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congestion o£ the face. At negative 2 G-these symptoms 

but at negative 3 G the head is “^^t .he 4 be 

At negative 4 G the head seems about to burst, tne y pp ..„j 

b.,,4 - ,h. ~ “ “ .CS 

out” and may persist for some tune. P ,„evetsible changes 

negative 5 G have not been ^ unconsciousness 

which take place in the brain and oth g which occurs may 

does not orLarily take place, the mental confusion which occurs y 

require days for complete recovery. j., 

Exposure to 3 to 4 negative Gs g., 10 sec- 

more permanent damage than (he cardiac sphincter 

onds; in experimental will be ejected through 

of the stomach will open and jn a few seconds at 

the mouth. Massive cerebral hemorrhage occurs in a 

S to 7 negative G's. emoloved; for example at an 

In dive bombing terrific s^d j^onds the terminal velocity 

initial speed of 110 miles per boy » With an 

will be 1,098 miles per bou' «'‘hj p^ » ^ ^P^ would 

initial speed of 220 miles at t ^ ^ "black out 

be 2,197 miles per b»r wi* “ ^.Pwonder that many fatal crashes 
occurring at 5 to 7 plus G s, ' , were known, Early m the 

occurred before these physio g individual susceptibility 

European war it was factor; the younger 

occurred in the Pby^'°>°S“ overcome. Hence the surprising 

the individual the more ea y nilots* these lads were 16 to 18 

youth of the 1940 Stuka dive ^mber P''-; ,„rcit,. 

years old and were eroplo) . . .^poned by the French press, but 

of German pilots as P' .rOTendous environmental forces 

because they could withstan 
with less hazard *an the older pto^ 

In the newly developed di ^ part of the plane’s mech- 

at this time, automatic pull up is an i g j ) j l,a entirely elim- 
anism and fatal crashes are less “"’7°" ehallenge to medical 

inated, but the ’’black out” ^Lsdous and 

;t.ltrtmUterthni&y developed plane design and well 
trained pilot personnel. important rcsearrli prob- 

..T— — -I 
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mmsJt th '"‘i ““a is developing suitable measures to 

ombat these hazards. It can also be said that this eilort is not witliout 

van in'T’T' ^ r'" “'‘'““’Sy: 'I'C study of oxygen 

Z f “"Jerstanding and ufat- 

Z of the r in civilian life so the investiga- 

prevenion n?c r," •*■= '^“'"’nnt r^d 
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HYPOTENSION IN AVIATION 

With a Review of 159 Fatal Crashes 

By LIEUTENANT COMMANDER C. A. YOUNG 
Medical Corps, United States Navy 

It is well known that the vasomotor system is the most sensitive 
part of the body; and, while the selection and care of the aviator from 
the cardiovascular standpoint have proved an interesting subject for 
investigation and study, recent investigation has shown that more 
emphasis should be placed on hypotension as a factor in assessing 
standards of fitness for aviation training. We have been prone to 
look upon persistently low blood pressure as entirely compatible with 
a normal state of well-being and health, but whether it is compatible 
with the stress and strain incident to the violent dying indulged in by 
naval aviation, especially in wartime, is another matter. 

Aviation within the past few years has undergone such enormous 
development in the design and construction of airplanes making for 
increased power, stability, speed, climb, and maneuverability that one 
might think the human madiine — the flier — ^had been somewhat over- 
looked. On the contrary, there have been remarkable advances in 
aviation medicine, the results of which have overwhelmingly shown 
in a lowering of aviation accidents since the late World War. It is 
particularly gratifying to note that, despite the increased scope of naval 
aviation activities in the fleet during the past year, the accident record 
was 31 percent less than during the fiscal year 1938. 

The problems that confront the flight surgeon still are the problems 
that confronted him 15 years ago, namely, (a) nervous stability or the 
psychic factor, (b) respirator)', and (c) cardiac efficiency. These are 
the important factors in the make-up of a naval aviation pilot. The 
fundamental physiological and psychological consideration of the prob- 
lems as understood and reported at that time have not materially 
changed, but a better and more thorough understanding of these condi- 
tions has been developed which, it is believed, will be of interest. These 
problems have been altered somewhat with the increasing power and 
refinements of aircraft. The psychological aspect is undoubtedly the 
most important and difficult problem in the selection of a candidate 
for naval aviation; just what part it plays in hypotension is difficult to 
say. Improvements in the supply of ox)'gen for high altitudes have 
for the present relegated the respiratory factor to the background. With 
the stress and strain incident to inaeasing speeds likely to es-oke vast 
forces into action on the bodily mechanisms of the pilot, it has become 
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necessary to put more stress on tire stud) of cardiosascular cfficicnc) 
As Marshall* has pointed out. the forssard speed that a pdot can endure 
without discomfort, is fat in excess of the speed that any airplane is 
capable of at present It is only cliangc of direction, acceleration or 
deceleration that brings centrifugal forces into play 1 utthermore. dut 
mg these intervals, which ma) be onl) a few seconds, the pilot s body 
mechanism IS subjected to these forces which experiments have shown 
dram the blood from the upper parts of the body Moreover, from 
this sudden and rapid change strain is brought to bear in many other 
wajis on the circulatory system during (lying piach and Bovvdler= stated 
that from a consderation of blood pressure records, the conclusion is 
orduce?™! “ ■" '■'S'’ ■''v**nabl) 

f.^ct“to:e':Ttt“:io‘::r“"' 

witlTI'usrrm 'ho**'*! *>!"*>) s be looked upon 

s afefthat J l haaards However, 

^ception^^^ P''? ■" “'"“•■on ‘od*-/ with 

almost^s:vdy“I^;:vLtld»C"'"^^ 

m the Royal Air Force k i f ^ 20,000 calculations 

estimatiom of vltol c ZL ^ 

pressure of Jas/loo "ouW IT " "’^'r '"“'”‘'‘"8 '^''ere a 
in a young adult under excitemeTT'''' •'“'‘■“'“Sy. °n= of 155/75 
of no signihcance Onrvn ^ medical examination is usually 

cases .n®marmstancrbT"'rrr" 

pressure alone It would aLearT'“c "■*)'"£ on systolic 

tween 70 SO mm of He remStl that diastolic pressures be 

as of no s,g„.fica«eT&:l‘''"^:1‘"““'>'"S™'dd he classed 
reading from SO to 90 mm of However, a diastolic 

thing above 90 mm of Hn ri ^ ^ open to question and any 

aviaL tramingtlol 

What I, Hypotension » 

Hypotension may be defined as o „ j 
which the systolic or diastolic hlooj “"dilion of the circulation m 
certain figure Most authorities agree 2^“' “ 

lower level of systolic blood pres^re Tl “'“Pj 

P 6 Osier and McCrae* regard any 
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thing below 110 mm. Hg as hypotension. Likewise, CeciP is in agree- 
ment with these findings, but neither of these authors defines diastolic 
standards. Others regard a systolic pressure of 110 mm. Hg and a 
diastolic pressure of 66 mm. Hg as the lower limit in males, but there 
is apt to be some variation. MacWilliam* * considers a systolic pressure 
below 110 mm. Hg and a diastolic pressure below 66 mm. Hg as definite 
hypotension; Miller® gives 105 mm. Hg for systolic and 60 mm. Hg for 
diastolic as bottom levels; Snell* quotes U. S. Army flying standards 
that systolic pressures less than 105 mm. Hg are disqualifying for flying 
in all cases. The standard used in the Royal Air Force for some time 
is to consider any systolic pressure below 110 mm. Hg and a diastolic 
below 70 mm. Hg as evidence of hypotension. 

We have no established disqualifying standards for hypotensives in 
the United States Navy. Regulations governing blood pressure in gen- 
eral are quoted as follows: "Systolic blood pressure if the examinee 
is over 25 years of age, should not persistently exceed 145 mm. Hg; 
if examinee is 25 years of age or under, systolic pressure should not 
persistently exceed 135 mm. Hg. The diastolic should be roughly two- 
thirds of the systolic." From the foregoing it will be observed that 
we have no definite standard by which we can classify hypotension in 
aviation as regards the lower limits of systolic and diastolic pressure. 
In examining candidates for flight training I have qualified several 
candidates whom other flight surgeons now consider definite hypotensives 
and questionable aviation material for military purposes. 

It would appear, therefore, that most authorities agree 110 mm. 
Hg systolic and 70 mm. Hg diastolic should be the lower limits. This 
standard will be used as a basis in this discussion. The exact level of 
the systolic pressure is not difficult to obtain yet it is apt to fluctuate due 
to emotional or other causes and is not usually considered as valuable 
as .that of the diastolic pressure which may be more difficult of estimation. 
Kilgore** stated that although the auscultatory method for estimating 
diastolic blood pressure was the best available, in approximately 10 per- 
cent it was impossible to determine it accurately, The diffiailty increases, 
especially with a person with a very low diastolic pressure. The lower 
the pressure the harder it is to estimate correctly. In fairness and justice 
to the examinee, one has to record many readings over several days 
to be absolutely sure of his result. 

Essential Ilypolension 

Essential hypotension is a rather unsatisfactory name applied to a 
symptom complex in certain individuals with a persistently low blood 
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records of "t 7 ""'“u ^uthrc' could Tnd 
and Roth,” Chew, Allen a^d Lk«“ d''" ‘’P Alvarez 

Randall," Langston,’’ and Weis- ’ Davis,'- Korns and 

posture and exammttonhTshoTnftafthtbtod’" 

and diastolic, falls to verv lot,, i i ° pressure, both systolic 
patients may show pressur2 within * Tl these 

position and' this mVbe miskfdl Tt 

between the frank case of essential hv i * reasonable to infer that 
the person whose vas^r^ on^T Xo^h 
symptoms under ordinary conditions mav K T®!" to prevent 

conditions of stress are likely to anseZ^!,‘n ‘*°™ 
otygen tension fatigue and'esnec, n lowered 

>Moreover, the persons most hkelv to 

the flight surgeon thrfugt'"4rSod' ““tltsd bj 

»"■' (a) a study of the Wood ‘‘P “"t' 

reported symptoms of giddiness or achiaT“ 

wise, and (4) a Byrng test whicL sot 1 ’'"“’’' “*« 

to be affected by the stresses of cLrfeaf ^“"1'"'’° 

r-” -p“» “s,- 

are considerable differences “ 'here 
tension Again the fact „ often*^ov 1 Z 1 ° constitutes hypo 
of a normal person may fl„e,u " the blood pressL 

a diTecfr,!'”™ 'o moment ? ‘''‘P- some 

a ‘‘'tect bearing on hypotension maTb sumr^ have 

1 It has been observed that .n m “P 

W "u''”!! faintness or actua^'f '“‘“t stages 

low blood pressure is fanly eommon a “ “““ation with a 

This has probably influenced opmm due to toxicity 

tensives for fly mg R „ « to the suitability of hypo 

copal attacks is directly due to a low ^ **”* hypotension with syn 

of the blood pressure or is 
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simply a manifestation of imperfect vasomotor control. 

2. Hj'potension in association with tuberculosis is relatively com- 
mon. Tice’® states that as a general rule hypotension exists in all stages 
of tuberculosis. This is confirmed by Cecil’ especially in advanced stages 
with ulcerative lesions. The difference between lying and standing 
pressure may be greater than normal. Beaven’® quotes the cases of 
15 U. S. Air Force officers who developed tuberculosis, the average 
systolic pressure being 106 mm. Hg. However, it appears to be the 
consensus of opinion among other observers that a low blood pressure 
is not a reliable sign of tuberculosis. 

3. Prolonged mental stress seems to have little effect on blood 
pressure in healthy adults, the blood pressure varying directly with the 
pulse rate in these individuals. 

4. The endocrine factor has proven to be negligible, except in ad- 
vanced cases where the endocrine disorder is a disqualification per se. 

5. Age plays little part as a factor in healthy adults. From 18 to 
40 years there is little change in systolic pressure. There may be a rise 
in diastolic pressure from 18 to 21 years, and a slight fall after 35 years. 

6. Cody build has little effect if proportionate. The same can be 
said for weight. Overweight usually carries with it a higher pressure, 
while hypotension is more common in underweight. 

7. Climate affects blood pressure. Roddis and Cooper^® found 
the blood pressure lower in the tropics than in temperate zones. This 
was confirmed by the writer in over 500 examinations done on aviation 
personnel in the tropics. The British military forces in equatorial Africa 
showed that hypotension occurred in direct proportion to the heat 
encountered. 

8. Cannon and Mott’* believe that the manifestation of hypotension 
is the result of fatigue inRueaced by emothnal stress. Based on research 
and animal experimentation definite changes have been noted in the 
cortical cells of the suprarenals showing cell membrane rupture, dis- 
placement of nuclei, and disappearance of the cytoplasm. The close 
analogy of the adrenals’ influence on the rx>nductivity of brain and 
liver tissues leads us to believe there is a Basis for disfunction of the 
adrenals caused by psychic conflict. Tlie change in pulse rate and 
peripheral tone follows as a result of hypotension. 

9. Graybiel, Dill, Missiuro, and Edwards’’ found that oxygen lower 
than 12 percent usually brought about marked blood pressure changes 
in normal healthy individuals; and, if oxygen tension is gradually 
lowered, a condition of hypotension supervenes prior to collapse. Similar 
reactions had been noted several years ago in connection with the rc- 
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breather test which has become mote or less obsolete m aviation exam 

:":r::mo?e'mt:;:;;^ ■- 

shock du“er‘aT-use 

II Severe anemias and wasting diseases, especiallj Addison's disease 
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then drops with dramatic suddenness leaving only the heart struggling 
vainly with a thready pulse to mamta'm the defense of the organism. 

Incidence of Hypotension 

The incidence of hypotension has been rather difficult to estimate. 
It varies as widely with different authorities as does the estimations 
of blood pressure readings. Treadgold® found 3 percent hypotensives 
among fit pilots serving with the Royal Air Force from 1927 to 1931 
inclusive. Friedlander-® quoting from various observers noted that the 
percentage varied from 2.2 to 4.5 in over 9,000 young adults. Chamber* 
lain"“ reported that in 60 medical students and doctors there were 15 
with a systolic pressure below 110 mm. Hg.; in 4 of these the diastolic 
pressure was below 70 mm. Hg.; 2 others had a low diastolic with a 
normal systolic pressure. Therefore, 17 (28 percent) of the 60 cases 
were hypotensives. Bramwell and Ellis^’ examined the circulatory sys- 
tems of Marathon runners and found the diastolic pressure below 70 
mm. Hg. in 4 out of the 28 runners. One man with a pressure of 105/70 
was third in the race. Rook and Dawson’* examined the records of 
1,000 consecutive candidates for military service between the ages of 
18 to 25 years, and they found an incidence of 12^ percent. In most 
instances hypotension resulted from low diastolic pressures. Further- 
more, it was persistent in less than half the hypotensives who were 
reexamined once. From the foregoing there seem to be wide discrepancies 
in the figures on the incidence of hypotension. 

In the examination of 7l6 candidates from civilian life for naval 
cadets for aviation training at Pensacola, Florida, from 1934 to 1937, 

I found the incidence of hypotension averaged approximately 9 per- 
cent, using as a standard a systolic pressure below 110 and a diastolic 
pressure below 70 mm. Hg. These candidates were all college students 
of at least 2 years' training. Their ages ranged from 18 to 28 years. 
All denied a history of sj'ncope, dizziness, or similar manifestations. 
On closer questioning, however, 2 percent admitted fainting on one 
or more occasions during their lifetime but stated "it didn’t amount to 
anything.” Forty-three candidates whose pulse rate averaged approxi- 
mately 100 and blood pressure 103/60 showed evidence of syncope while 
blood pressure was being calculated, as evidenced by sweating, pallor, 
cyanosis, especially of the extremities, and dilation of pupils. Seven 
other candidates fainted, losing consciousness [or a minute or more 
while their blood pressure was being taken. No accurate blood pressure 
readings were obtained in these cases during the fainting episode. It 
was noted, however, that the blood pressure was below 100 systolic 
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may be forced out of the brain to cause momentary unconsdousness or 
a "black out" commonly experienced m acrobatic flying and dive bomb- 
ing. Granting that "black outs” are usually momentary, they can well 
be fatal under combat conditions ivith an enemy airman pouring lead 
or explosive shells at a blind or unconscious pilot. If enough violent 
flying is indulged in, permanent damage can be done to the central 
nerv’Ous system and the internal organism, as was witnessed a few 
years ago aboard one of our larger aircraft carriers, when two fatalities 
occurred within a few hours after carrying out an extensive dive bomb- 
ing exercise. Actual fractures are not impossible. If and when speeds 
of 500 and even 600 miles per hour, which designers are talking about, 
are readied, the beating the human body will take is obvious. Today’s 
top speeds in level flight in still air arc not much above 400 miles per 
hour. 

A particularly disastrous group of fatal accidents occurred in the 
years 1937 and 1938. Some planes actually disappeared without even 
a trace. What has been the cause of these unexplained crashes? With 
the present trend toward perfection in mechanical construction and 
design, it doesn't seem possible that all these fatal crashes can he 
explained on failure of materiel alone. Certain it is, one has to con- 
sider the personnel factor. In fact, in a large percent of these fatal 
crashes, pilot error was officially given as the primary cause, where 
subsequent investigation could be carried out; but what about the planes 
that disappeared without leaving any trace or sign in average or better 
flying conditions? Was the pilot careless or grossly incompetent? Such 
I do not believe to be the case in our naval trained pilot. Could not 
liypotension be a factor in some of these unexplained crashes? I have 
in mind 5 cadets that I qualified for aviation training, who were all 
hypotensives, measured by our standards of today. Their average blood 
pressure, from many examinations, was 105/66. I followed them care- 
fully through primary’ training and into advanced training. Three of 
them developed aeroneurosis and air sickness and never completed 
primary training; one realized his inaptitude and quit the course during 
the advanced acrobatic training; the other was killed in the advanced 
course of training while practicing dive bombing. None of them would 
admit any symptoms of hypotension other than a feeling of insecurity- 
in the air. Aviators are not exempt from the development of such dis- 
orders. In fact, the special hazards of their profession give them greater 
cause to develop them. Furthermore, it is only because we are dealing 
with a superior group that we do not find a much higher incidence of 
these disorders. Probably, if more care were used in assessing flying 
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that in 28 (42.4 percent) the cause of the crash was reported officially 
as due to personnel or pilot error. 


TABLE 1 

Personnel Analysis of Fatal Crashes 



Expert- 

aviators 

Percent 

Student 

naval 

aviators 

Percent 

1 TcU! 

Total 

aviators 

Number of personnel 

114 


45 


159 


Average age of personnel ....... 

29 


25 




Body build: 







Height 

69 ‘A 


70 







154 




Average pulse rate of those with 






normal blood pressure: 







Prone 

73 


71 




Standing 

82 


79 




Average pulse rate of those with 







hypotension: 







Prone 

72 


72 




Standing 

86 


84 




N umber with normal blood pressure 

66 


20 




Hypotensives; 







Number with low systolic only 

77 


2 ■ 




Number with low diastolic only 

19 


19 




Number with both low sys- 







tolic and diastolic 

18 


4 




Total hypotensives 

48 

42.1 

25 

55.5 

73 

45.9 

Total crashes due to matdriel failure 

36 

30.7 

8 

17.7 

43 

27.0 

Total crashes due to personnel 







(pilot error) 

79 

69.3 

37 

82.2 

116 

73.0 

Number of hypotensives in crashes 







due to matdriel failure 

8 

7.0 

3 

6.6 

11 

6.9 

Number of hypotensives involved 







in crashes due to personnel (pi- 







lot error) 

’40 

35.1 

•22 

48.8 

62 

39.0 

Number with normal blood pres- 







sure involved in crashes due to 




j 



personnel or pilot error 

»28 

14.6 1 

*9 

20.0 1 

37 

23.9 


'83 3% of all hypotensivts. 

« 88% of all hypotensives. 

*42.4% of those with normal blooJ pressor* 
‘45% of those with normal blood pressor*. 


Turning now to the table where a study was made of the students 
under instruction at a naval air station, it wdll be noted that out of the 
45 case records studied. 25 (55.6 percent) showed some form of hypo- 
tension. Two showed a lov/ systolic pressure with a normal diastolic. 
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factors and combinations must be taken into account in estimating fitness 
for flight duty. 

In the light of the present conflict and the part aviation is playing 
and the prominent place it will occupy in the future as an arm of our 
national defense, more study should be done on the significance of 
hypotension in selecting personnel for flying and in analysis of crashes. 

Summary 

1. Hypotension is a rather relative term inasmuch as it has been 
more or less ill-defined. However, it may be said to exist when the 
systolic pressure is below 110 mm. Hg., or the diastolic below 70 mm Hg. 

2. Hypotension may be compatible with a normal state of well- 
being and health, but, if persistent, careful study and caution should 
be exercised in qualifying these individuals for aviation training. 

3. Hypotension may be associated with a momentary dizziness and 
a fall in the blood pressure to very low levels on assuming the erect 
posture. This should be a permanent disqualification for flying, 

A. Persistent hypotension is not common and its incidence is difficult 
to estimate. It may not be permanent and it may be influenced by 
insideous disease or pathology. Occasional hypotension seems quite 
common in young individuals. 

5. In 159 fatal crashes, 73 pilots (45.9 percent) manifested some 
form of hypotension. Of these 75 hypotensives, in 62 (85.6 percent) 
the official cause of fatal crash was stated to be due to error of the pilot. 

6. Another noteworthy factor in this series of cases was the higher 
average pulse rate, particularly the standing rate, among hypotensives. 

7. Ability of hypotensives to withstand centrifugal force depends 
upon the reaction of the vasomotor system, modified in some cases by 
an efficient physiologic reserve to maintain a nearly basic blood pressure 
and pulse to meet an emergency, be that a serious or harmless emotional 
situation. Furthermore, if continuous violent flying is indulged in over 
a long period of time this reserve can become exhausted due to fatigue 
and bring about a symptom complex similar to that seen in moderate 
and severe grades of hypotension with postural giddiness due probably 
to lessening of vasoconstrictor tone of the arterioles. 

8. It seems reasonable, therefore, to conclude that the individual 
with a normal blood pressure would be better able to withstand con- 
tinuous violent flying under combat condition over a longer period of 
time with less exhaustion and fatigue than the hypotensive. In other 
words he would be less apt to "go to pieces" or commit pilot error 
under stress. 


387 



IF ar Medtctne 

of flvma Ir!, T ‘■^P”'™'”" 'f* S'sn.ficance m the selection 

of flying personnel as a further means of lowering crash hazards If 

rrz;5r.' s '‘z" -r » “ 

taken a. .n nnfo,r. ui . on standing, this should be 

caKen as an untavorable sign for aviation A full i 

Acknowledgment 

(MC™U S ^ ^ 

A C Hohn (MCI U S Mam t ^ ^ Navy, and Lieut 

■ng and abstracting’ data valuable assistance m collect 

•fS-m ■’« 

:?r'S? r./M.c’frir' 

:«re^^r 

"Kilrac E 5 bLw', ,,‘S "'■'■F ■»« 

Foth c Proc Suit MM^'ialro a “^1 16 Mr ms 

vLr,” “ ■•”^5 i '••"mXrSir’”’' 

"W.„‘c " 

"F-F A F .Juirj-" 5>r. „»« 

-IZ.: cT y r 

“Rodd., L H and “'1 J™* 1934 

Wa'Ar" ^ O s b« 

:srs'. "a E-r-"'"'"*™ r.r 


388 



THE MEDICAL ASPECTS OF DEEP SEA DIVING 

By LIEUTENANT COMMANDER C. W. SHILLING 
Medical Corps, V. S. Navy 

Classical historians record for us many stories of the employment of 
naked divers, even as early as 460 B.C. In the intervening centuries men 
have continued to dive to great depths without any type of suit and even 
today in many parts of the world similar practices are employed by those 
engaged as pearl and sponge divers. They have been able to dive to 
depths as great as 200 feet and to stay under the water for as long as 
4 minutes 46y^ seconds. However, according to Davis/ the average 
time is not more than minutes and the usual depth not more than 
SO to 100 feet for most ’’naked*’ divers. Other than the obvious dangers 
from fish and giant clams the naked divers are exposed to the possibility 
of lung collapse when attempting great depths. 

The diving dresses pictured in early histories appear amusing and 
more like Rube Goldberg inventions than any serious attempt to make 
under water work easier. It was not until 1857 that Siebe of England 
made a practical diving dress which has served as the model from which 
the modern diving dress has been developed. With this new diving dress 
came deeper work for greatly extended periods of time and unfortunately, 
also, new physical hazards were encountered. 

The most important of these is Compressed-Air Illness which has been 
variously called Caisson Disease, Bends, Aeropathy or Diver’s Paralysis. 
The literature concerning this condition is extensive,* but for the pur- 
pose of this discussion only a brief description will be given. The condi- 
tion was first accurately described in 1845 although symptoms were noted 
as early as 1820. There were many and varied hypotheses presented as 
to the cause but none of them has stood the test of time except the 
gaseous emboli theory. This theory is based on the fact that as the 
individual breathes compressed air, whether it be in a diving suit, bell, 
caisson, or tunnel, the blood circulating through the lungs is exposed 
to a partial pressure of nitrogen and oxygen proportional to the air 
pressure, and takes up an extra amount of nitrogen and oxygen pro- 
portional to this increased pressure. As the blood circulates through the 
body the extra oxj'gen is used by the tissues but the extra nitrogen is 
not used, and gradually saturates all of the tissues until they are charged 
with nitrogen at the partial pressure existing in the air breathed. It is 
evident at once that there are two factors involved in this saturation, 
namely, the depth or degree of pressure and the length of time exposed 
to this pressure. 
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compression and massage, exercise and nursing care given as indicated. 

Since, as pointed out earlier, the cause is the failure to properly 
eliminate the excess nitrogen, it then follows that prophylaxis depends 
upon the proper return to atmospheric pressure which process we call 
decompression. The exact computation of the length of decompression 
necessary depends upon the length of time exposed and the depth of the 
exposure, and is based upon physiological factors of saturation and de^ 
saturation times of various tissues. Tables have been prepared and 
prescribed for the divers in the U. S, Navy and for compressed a.r 

workers in various States. , , , 
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The rationale for the use of helium-oxygen mixtures in diving is 
that helium has the advantage of being Jess soluble than nitrogen and 
also that it diffuses more rapidly in the body fluids and tissues which 
results in more rapid elimination of the gas from the body during de- 
compression. Thus decompression time can safely be shortened without 
danger of developing the "Bends.” The mixture could also be breathed 
following a dive thus facilitating the elimination of nitrogen and short- 
ening materially the time necessary for decompression. 

However, the most important consideration in the use of helium- 
oxygen mixtures for diving is that, as reported by End,® it lessens and in 
some cases eliminates the untoward mental and neuromuscular symp- 
toms observed under increased air pressure. As noted earlier this change 
was demonstrated during the salvage of the U.S.S. Squalus. 

Although much has been accomplished in the study of the medical 
aspects of deep sea diving there are still many problems unsolved which 
remain as a challenge to those who are interested and working in this 
field. 
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CASES OF INJURY TO THE VERTEBRAE OCCURRING IN 
THE ROYAL AIR FORCE 

By WING COMMANDER PHILIP A HALL, M A , M D , M Ch 
Consultant in Surgery to the lioyal Atr Force 
AND 

FLIGHT LIEUTENANT GEORGE H MORLEy, FRCS 
Royal Atr force 
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d^trlive rsettr^un^tr 
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—the high proportion of complrtely sT'f ? 

airmen, so that they have eventn u '"‘^fnctorj results in pilots and 
In the case of the flymg f“‘' An Force duty 

’^hen It IS appreciated that in the Tin significance 

and commercial aircraft reqnir- ^ t^ngdom pilots of Service 

Medical Establishment of Ae Air M medicall} fit by the Central 
medical _ examination are pilots gradem'’'„k ®"‘T, an exhaiistne 
duties, for there is a definite duwm !:,” P'‘]”“'*y Hi for full flying 
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A Revietv of Cases of Injury to the Vetebrae Oicmrmg m the R. A. F. 
stresses imposed by flying, such as those due to increases of 'gravity" 
and height and to the sitting for long periods in relatively cramped 
positions. A high level of efficienq’ has to be maintained, and it is 
significant that of the very small number of cases we are able to quote 
the majority were ultimately passed fit for flying duties. Little more 
than a decade ago such cases would probably have been condemned to be 
cripples for life. Now, despite the fact that we cannot claim to be dog- 
matic on such slender evidence, it would appear that they have a reason- 
able opportunity of achieving this high standard of physical fitness. 

Analysis of Case Records* 

A search was made through the records of the last five years for 
cases which had received treatment for injuries to the vertebral column. 
We are able to trace fifty-seven such cases, but are unable to state that 
these represent all those which have occurred during this period, although 
none has been omitted to our knowledge. Of this total nine were ^e 
result of flying accidents, and the remainder were the result of non-fiymg 
accidents such as might occur in ordinary civil life. Of the flying per- 
sonnel categorized as pilots, sixteen were injured; but of these only seven 
received their injuries in accidents to aircraft. Injuries received in air- 
craft accidents in all cases involved fractures of the bodies of the verte- 
brae, whereas other accidents gave rise to various types of injuries. 


Flying Accidenle 

There follow a record (Table I) and a summary of flying accidents 
to pilots and non-pilots: 

Non-flying Accidenis (Pilots) 

Details of the non-flying accidents occurring to pilots are given m 
Table 11; these arc followed by a summary of the cases. 

Non-flying Accnlenls (Non-piloH) 

It is not proposed to go in any great Xt^nef of 

out of the pursuit of a non-flymg f for flying duties, 

the Service who are not categorized “currlng 

as these show no points of interest which dtffet from such cases occu g 

in civil life. 


•In .he tables and case 

full flyinj duties. A2— Fit for limited It— Fit for sr 

A4— Fit as non^embatant passengers in ""t*’ • , 

p-Pernianen.ly unfit. ii-Fit for duties ot home only. 


trved: Al— Fit for 
isscnger in aircraft. 
—Temporarily unfit. 
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W ar Medtcme 
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